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BRAINS OF RATS AND MEN 


By C. JUDSON HERRICK 


ANY scientists have tried to read human faculties backward into the lower 
animals. Dr. Herrick reverses the order and, beginning with the simplest 
structures prophetic of cerebral cortex, he reads this history through to its 

culmination in man. He centers his discussion about the brains of rats and men, 
the two species of mammals whose behavior patterns have been studied most i: 
tensively under conditions of laboratory control. He demonstrates incisively that 
the entire intellectual, emotional, and moral life of mankind can be explored as 
biological functions without loss of their supreme values as distinctively human 
attributes, and without passing outside the realm of natural laws. 


This book touches problems that are fundamental to all the sciences that take 
living things, and man in particular, as their province: biology, psychology, anthro 
pology, the social sciences, education, and medicine. 
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By Sixteen Members of the Faculties of the 
University of Chicago 


ly pretentious a program as this book presents has seldom been attempted: it 
is an outline of our knowledge of the physical and the biological world, and 

man’s relative position in it. It is designed to give a preliminary view of 
many rich intellectual fields, all marshalled together, in brief, to assist the indi 
vidual in the important problem of forming a well-defined conception of the cosmos 
and his relation to it. 


Beginning with the story of life from the origin of the earth to the point when 
man is defined as man, each of the sixteen authors has described that phase of 
development with which he is most familiar. And all have emphasized the con 
ception of science as a glowing, living thing inextricably bound up with every 
human life. These men, specialists in their fields, are the authors: Forest Ray 
Moulton, Rollin T. Chamberlin, J. Harlen Bretz, Harvey B. Lemon, Julius Stieglitz, 
Horatio Hackett Newman (the editor), Edwin Oakes Jordan, Merle C. Coulter, 
Henry Chandler Cowles, Warder C. Allee, Alfred 8. Romer, Fay-Cooper Cole, Elliot 
R. Downing, George W. Bartelmez, Anton J. Carlson, and Charles Hubbard Judd. 


To be published September 15 
$4.00, postpaid $4.15 
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RELIGION AND MAN’S ORIGIN 


By Dr. C. G. ABBOT 


THe sciences now interlink with one 
another. It is as if the geologists, the 
physicists, the chemists, the astronomers, 
the anatomists, the paleontologists, the 
zoologists and all the rest had been sur- 
rounding and reclaiming the great 
jungle of the unknown. Formerly, this 
wilderness was so large that the groups 
of pioneers were quite out of touch or 
hearing. But as knowledge of all kinds 
has penetrated deeper and deeper into 
nature’s secrets, the unknown has so far 
shrunken that the sciences are no longer 
isolated, and their discoveries overlap 
and reinforce each other in a most tell- 
ing way. 

Especially is this so in the fascinating 
problem of man’s origin, to which many 
lines of knowledge contribute their quota 
of evidence. They all unite to point to 
the conclusion that evolution, the grad- 
ual accretion and modification of organs 
and functions, is universal, and indicates 
the rise of man as well as the develop- 
ment of the rest of nature’s realm. 

Of late, there has been a violent reac- 
tion to the growing acceptance of this 
view from among those who hold that the 
common English version of the Bible is 
to be taken as a literal text-book of sci- 
ence as well as a spiritual guide to sal- 
vation. They fear that to loosen one’s 
hold upon the literal belief of its state- 
ments is to endanger the future of his 
soul. Hence, it is necessary to state the 
alternative view of those scientists (and 
it is believed that they are numerous) 


who reject neither the evolutionary 
teachings of science nor the reasonable- 
ness of religion. 

In the first place, they find it not un- 
scientific to believe in Almighty God. 
Hardly any work was more celebrated in 
its time than Dean Paley’s ‘‘ Natural 
Theology.’’ The author conceives one to 
be wandering upon a desolate moor, re- 
mote from human habitation. He 
chances to strike his foot upon a round 
object so curious as to arouse his careful 
attention. It is, in short, a watch, pro- 
vided with the little wheels, the springs, 
the hands, the hour-marks and all the in- 
tricate parts we know so well. Although 
there is no man in sight, or habitation 
for many miles, there can be but one con- 
clusion. The plain evidence of complex 
contrivance for a deep purpose demands 
the previous existence of a highly intelli- 
gent contriver. The watch could not just 
have happened to come into being. 

We need not follow here the details of 
the masterly exposition of this thesis by 
Dean Paley, although it can be read and 
reread with growing admiration for the 
lucidity and power of his exposition. 
While he argues mainly from the evi- 
dences of design occurring in the human 
body, the argument is equally traceable 
from the plants with their marvelous in- 
terior mechanism; from chemistry and 
physics with their wonderful structures 
of atoms and molecules; or from the 
boundless universe of stars and nebulae. 
In short, the more one learns of the in- 
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tricacy and variety of creation, the more 
admirable appears its contrivance. 

But we may consider another aspect of 
the matter, If these structures of utility 
be evidences of a wise contriver, sug- 
gesting the careful parent providing 
necessary things for the welfare of his 
children, the unnecessary yet entrancing 
beauty of nature may lead us further. 
A rose, a violet, a sunset, a thrush’s song, 
seem rather the expression of a beauty- 
loving, benevolent, pleasure-providing 
Creator, designing not merely necessities 
but something over and above, adapted 
to give the purest and most delicately re- 
fined joys and pleasures for the promo- 
tion of graces of character in his noblest 
creatures. 

There are some who have maintained 
that the Darwinian explanation of evolu- 
tion, namely, that it is carried on by 
natural selection, fully accounts for the 
complexities and beauties of life, merely 
as the result of chance variations pre- 
served and guided by the survival of the 
fittest. One ventures to think that few 
would interpret the existence and struc- 
ture of the atom itself (discovered within 
the past twenty-five years) as a chance 
modification of the nothing which pre- 
existed, and one would hesitate to main- 
tain with assurance that the admirable 
organization of the eye or the successive 
existence of the canker worm would have 
been apt to develop by pure chance, un- 
less some designing intelligence had con- 
trolled selection towards that end. 
Finally, there is the baffling mystery of 
the existence of life itself, which in our 
time seems never to be organized except 
from preexisting life. All these difficul- 
ties are removed by the conception of the 
creating and guiding activity of God. 

It has also been urged by some against 
these views that since to assume the ex- 
istence of a creating and guiding God 
does not enable us to understand the 
antecedent existence of God himself, we 
make no progress by the assumption and 
would better make no hypothesis at all. 


Such men are called agnosties, for thoy 
are those who make no hypothesis re. 
garding the unknowable. Surely one 
may take this attitude if he prefers jt 
but others are justified in adopting the 
reasonable view that obvious contrivance 
implies a designer, whose antecedent ey. 
istence, since we have absolutely no eyi. 
dence available in this life to afford 
explanation, we adopt on faith. A simi. 
lar attitude is adopted regarding gravita. 
tion. We know it exists, but why we 
know not. Those who choose this latter 
type of philosophy walk by sight wher 
they may, but beyond that they walk by 
faith. 

Within this realm where reason no 
longer gives guidance, it is not contrary 
to reason to exercise faith in comfortable 
doctrines. Many men of science do in 
fact add to their belief in God, faith in 
the existence of the soul ; in a future life: 
in the usefulness of prayer ; acknowledg: 
the gospel of Jesus Christ, and find in the 
Bible a guide to moral and social con- 
duct, the spur to noble living given by 
the example of great characters, the 
spiritual uplift of its sublime passages, 
and the comfort of its assurances. As 
with other men, continued practice of the 
life of faith leads to growth of spiritual 
discernment also in men of science, so 
that they appreciate the saying of Saint 
Paul: ‘‘But the natural man receivetl 
not the things of the Spirit of God: for 
they are foolishness unto him: neither 
can he know them, because they are spiri- 
tually discerned.’” 

It is true that certain objectors have 
argued that the existence of the soul is 
disproved by the reality of evolution. 
They say, in effect, how or when, and at 
what exact instant of the slow continuous 
march of man’s evolution could he have 
acquired a soul? As well ask us to dis- 
tinguish the exact instant when dawn 
begins, and, because we can not tell, 
deny the light of day! Moreover, man 
is born without intelligence. Shall we 


1I Corinthians 2, 14. 
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say that because his prenatal and later 
development is one continuous progress, 
therefore he has no mind? Surely he 
may have acquired a soul by degrees as 
well as a mind. 

While appreciating the worth of the 
Bible, the scientific believer can not 
admit that it is an infallible text-book of 
his science. Why should he? It is cer- 
tain that different passages of it fairly 
contradict each other, that its writers 
believed the earth to be the most impor- 
tant member and center of the system of 
the heavenly bodies, that many of its 
laws and narratives express the culture 
of a semi-barbarous people and that a 
great deal of its best material is cast in 
the figurative style. We have become 
accustomed to teachings in the form of 
parables, dramas and fictions, but to the 
Oriental mind such methods are natural, 
not acquired. As they were used by 


Christ, so also they were employed by 
Compare the introduc- 


older writers. 
tions to the parable of the prodigal son 
and the book of Job: 


A certain man had two sons. 


There was a man in the land of Uz whose 
name was Job. 


The object of Christ’s teaching was not 
defeated because the exact incident never 
happened, nor would the philosophical 
wrestling with the problem of evil in the 
realm of Almighty God be strengthened 
by supposing Job a historical character. 
As John Milton wrote Paradise Lost, 
why should not a more ancient writer 
have taken for his theme the Creation ? 

In short, there is no more reason for 
attempting to bind modern research into 
the compass of the astronomy and biol- 
ogy of the Bible than there is for at- 
tempting to harmonize-the narratives of 
I Samuel 15, and II Samuel 21 and 24, 
with the goodness and justice of God, as 
portrayed by Psalms 103, Micah 6, v. 8, 
and the Gospels. The whole puzzle is 
explained by admitting that the Bible 
is the product of men of unequal spiri- 
tual and mental attainments, but con- 
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taining, nevertheless, along with much 
which is unedifying, the most sublime 
and salutary passages which have ever 
been penned. There are some things in 
this world that modern progress has not 
surpassed, and besides the sculpture of 
Phidias, we confidently include in this 
category the ten commandments, the ser- 
mon on the mount and the wealth of 
lovely, inspiring and rebuking passages 
in which the Bible abounds. 

Yet this is shocking to some. To them 
it appears that if we relinquish the idea 
that every word of the Bible is divinely 
inspired truth, it ceases to be a guide to 
salvation. On the contrary, like the 
racer, so vividly pictured by Saint Paul, 
who lays aside every weight that he may 
press towards the goal, the liberation of 
the mind from acceptance of contradic- 
tory and barbarous statements as essen- 
tial to salvation, frees one to embrace, 
undisturbed, faith in glorious and com- 
fortable promises. If it be asked how to 
distinguish what to hold fast and what 
to pass lightly by, the Bible itself gives 
the answer in the words of Saint Paul: 
**Finally, brethren, whatsoever things 
are true, whatsoever things are honest, 
whatsoever things are just, whatsoever 
things are pure, whatsoever things are 
lovely, whatsoever things are of good 
report; if there be any virtue, and if 
there be any praise, think on these 
things. ’”? 

The matter of miracles has been a very 
sore subject. The scientific man 
completely accustomed to seeing natural 
phenomena repeated with perfect cer- 
tainty in accord with discovered law that 
it must be admitted that he is not apt to 
relish the proposition that for trifling or 
even unworthy objects the natural course 
may be set aside. Hence, knowing, as 
already set forth, the fallibility of the 
Bible, he is often apt to believe that 
some, at least, of the miraculous occur- 
rences it records are due to imperfect ob- 
servation of witnesses or to distortion of 
accounts in oral transmission. 

2 Philippians 4, 8. 
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Nevertheless, it may be added that 
modern discovery makes the miraculous 
more credible, rather than less so. As 
far as communication across unbridged 
space is concerned, this offers no diffi- 
culty to the age of wireless. As radio 
was till recently unknown, other means, 
not yet understood, of communication 
from mind to mind may in future be 
demonstrated. 

As for miraculous modifications of 
matter, it is now the accepted result of 
physics that all matter, in the last analy- 
sis, is resolvable into two varieties, the 
indeseribably small electrons and protons 
which compose the atoms. These elec- 
trons and protons, furthermore, are 
neither more nor less than equal elec- 
trical charges, respectively negative and 
positive. Electricity is energy. Hence, 
matter is also a bound form of energy. 
The all-powerful Creator, the master of 
energy, may be readily in command of 
the agencies of creating matter out of 
nothing, reconverting it into nothing, or, 
by altering the arrangement of protons 
and electrons, of changing one kind of 
matter into another. This, of course, is 
not all possible as yet to man, nor does 
he perceive how it might be done, but 
that it is possible to omnipotence is unde- 
niable. That it would be done by infinite 
wisdom would seem to demand a worthy 
oecasion. 

There is no need to fear a decline in 
religious faith or spirituality among 
those whose daily studies lead them to 
contemplate and admire the hidden won- 
ders of God’s creation, and who rever- 
ence and attempt to imitate Christ while 
remaining evolutionists, yet now it is 
time to inquire what makes them evolu- 
tionists. On what evidence are they 
willing to admit that the human race, 
like every race of plants and animals, 
has developed from other types of 
beings? They regard evolution as the 
most reasonable explanation of consid- 
erations like the following: 

.(1) In the first place, the life of every 
individual human comprises a wide- 


ranging evolution. Conceived 
union of two germs, the prenatal in; 
passes successively through a variety ; 
forms, many of which resemble fo, 
adult forms of other species. Organ 
more or less rudimentary occur in hyma 
beings, either prenatally or even pers st 
ing to adult life, which appear to be ys. 
less to man, but are similar or ¢losely 
allied to useful organs in the adults » 
other vertebrates. Among many sy 
organs are the tail, the vermiform appep. 
dix, the toenails. It is even a fact 

at a certain stage the organization of thy 
prenatal human approaches that , 
adult fish. 

One finds it difficult to conceiv 
it is more derogatory to humanity t 
the race itself should have evolved in t 
course of ages from lower organisms t! 
that every single individual actually and 
unquestionably does evolve within his 
single lifetime from very primiti 
forms. 

(2) In the second place, man 
lower animals have many points of simi- 
larity, and much in common. In t 
skeleton we find a similar organizat 
prevailing. Some of the other ver 
brates even present the same number and 
arrangement of bones. In these cases it 
is only variations of length and 
that distinguish the skeletons of man a 
animals. The skeletons are clothed \ 
flesh, skin and more or less with hair, i 
man asin animals. The internal! and ex- 
ternal organs, such as the heart, lungs 
stomach, intestines, organs of smell 
taste, hearing, seeing and reproduction 
exhibit great similarities. 

It is not only in matters of form, bu! 
also in the emotions and behavior that 
find much in common. Fear, | 


humor, memory, bravery, intelligent 


action, are all prominently displayed 
lower animals, even in some species ver! 
remote in form from man. 

(3) The great argument, however, 


} 


from paleontology. In many places, tht 


eroding action of streams and the fold- 
ing of the earth’s crust have laid bar 
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very thi¢k layers of stratified rocks. 
They frequently contain fossils of many 
species not now existing. This geological 
jife-record is exhibited, not in one or few 
places of the earth’s surface, but almost 
wherever rocks have been upturned. If 
the fossil forms are arranged in orderly 
array, beginning with those which had 
been deepest buried, and going on at 
length to those which lie near the tops 
of the sedimentary column, they are 
found to show broad similarities of type 
wherever found on the earth; and every- 
where to present, on the whole, an 
orderly sequence of change of form from 
the lowest to the highest layers. 

In such a sequence, and representing, 
as in some eases actually found, a thick- 
ness of rock strata of ten miles or more, 
we may assign names to represent the 
principal subdivisions of the layer, as 
selected according to prevailing fossil 
types found therein. 

On the following page is such an ar- 
rangement: reading from the bottom 
and oldest to the top and youngest 
rocks containing traces of life. 

While the whole fossil record is prac- 
tieally never laid bare from the Pre- 
Cambrian to the Quaternary at any one 
locality, yet fragments of it of more or 
less range occur in all parts of the world. 
The telling thing about them is that, 
excepting rare cases of accidental burial, 
the order in which they present fossils is 
never inverted. We do not find mam- 
malian fossils among gigantic amphibi- 
ans or among the monstrous reptiles, 
neither do we find fish fossils among the 
trilobites of the Cambrian. Fossils of 
man lie almost superficially, never among 
those lower strata which are filled with 
extinct orders and families. 

(4) As we can not regard as probable 
4 convulsion which would turn miles of 
thickness of rocks upside down, so that 
the earliest deposited should be at the 
top, much less that such cataclysms 
should have been prevalent over the 
world, we must believe that the order of 
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increasing depth corresponds generally 
to increasing age. This conclusion, if it 
needed strengthening, finds support in 
the smoothly rounded forms of the 
ancient, long-weathered outcroppings of 
Cambrian age, which may be contrasted 
with the jagged unworn rocks of recent 
formations like the Sierra Nevada. This 


is a question of the character of rocks 


and length of erosion period. 

(5) Thus we learn that there first ap- 
peared on earth the simpler creatures 
like worms and jelly-fish, and other in- 
vertebrates, at a later stage the fishes, 
which are the first vertebrates, later the 
reptiles and the birds, still later the 
mammals, and finally, to crown all, man. 

(6) These various orders each devel- 
oped many forms and species, some of 
which grew to monstrous power and size. 
But after a period of maximum impor- 
tance, one by one they became extinct, 
till now only a few of our existing species 
can be traced back to the Tertiary 

(7) Under domestication, many forms 
have changed. Take, for instance, the 
pigeons, the dogs, the horses or the poul- 
try and think of the extraordinary modi- 
fications which have been brought out by 
skilful breeders, especially in late years 
when great attention has been paid to 
this art by scientists. 

(8) Variation being, therefore, known 
and probable, we must reflect that if we 
consider all the species of animals alive 
at a given epoch, every one of them will 
be competent to vary. Those whose gen- 
erations are brief will be apt to change 
more in a given time than those of long 
life and prolonged immaturity, other 
things being equal. Hence, man, whose 
generations are among the longest of all 
animals, will probably change less rap- 
idly than most orders. 

(9) We thus perceive that if we make 
the hypothesis that man is a product of 
evolution, we are not to think of him as 
descended from any existing species of 
animals. All existing species will have 
changed far more, it is probable, from 
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Pre-Cambrian. oe 5 miles. 
Horizon of Scanty Life. 


Cambrian and Ordovician. 
Horizon of the Invertebrates. 


Silurian and Devonian. %4 mile. 
Horizon of Fishes. 


Carboniferous and Permian. 
Horizon of Amphibians. 


Triassic, Jurassic, and Creta- 1% miles. 
ceous, 


Horizon of Reptiles. 


Tertiary. 14 mile. 
Horizon of Mammals. 


Quaternary. Superficial. 
Horizon of Man. 


the epoch when the ancestry of man was 
common to the ancestry of some of them 
than man has himself changed since that 
epoch. We are not to think, therefore, 
that existing great apes, though at pres- 
ent nearest in form to man, are in any 


Types of Fossils Found 


Life forms few but including y 
sponges, algae, and crustaceans, 
senting extinct families and sp: 


A very rich fauna, including worms 
extinct family of trilobites, w) 
Cambrian was the prevailing 
the soft-bodied holothurians, the 
jelly-fishes, and the arachnidae, or s 
creatures and their relatives, but 
single existing species of all these { 
The family of the crabs and s 
approaching its zenith of size and 
toward the close of the Ordovician. 


Representatives of the crab and s 
ily become of monstrous size. At 
the Silurian, we begin to find ray 
and the Devonian becomes the ag 
All species represented are now ext 


Tremendous plant growth, now 
our coal beds and oil reservoirs, ¢! 
the Carboniferous. Vertebrates of 
first appear in various now « 
phibians. These approach the sala 
newts, and frogs. In the Permian, t 
ily begins to culminate in tailed « 
gigantic form. Still all plants and 
belong to species now extinct. 


In this horizon are found a most ast 
variety of enormous reptilian forms, 
which are heavily armored, and 
larger than any animals now exist 
the whales. Of eighteen great rept 
ilies, thirteen are now utterly exti1 
the other five, the lizards, turtles 
snakes, and crocodiles, the present 
are mainly different. Birds beg 
in this horizon, but of groups now 


Forms more and more approximating 
horse, the elephant, the great cats, t 
the monkeys, and the doglike and other: 
mals of the present day, appear at 
of higher and higher level. But 
of these ancient species, such as t! 
horse family, the saber-tooth tiger, th 
todon and mammoth, are now extinct. 

Man and his works are found only very near 
the surface (of the stratified column) 
most recent water and land deposits. 


sense ancestral toman. On the cont! 
they are many generations junior | 
in the common development. 

(10) Still considering the hypothesis 
that man has developed from lower 
forms, we must expect to find in foss! 
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evidences implements representing a less 
intelligent human culture, and human 
skeletal remains showing less brain 
capacity and greater natural means of 
defense than existing men present. 

(11) Such is the ease. Archeology 
leads us back from the age of machinery 
to the age of metal handiwork, thence to 
the age of stone handiwork, the imple- 
ments and artifacts becoming less and 
less finished and useful, till those asso- 
ciated with fossil man become scarcely 
implements at all. Sculpture, painting 
and drawing are found in the caves of 
France and Spain which, while rude, 
prove that man was contemporaneous in 
Europe with the mammoth and other ex- 
tinct species of animals. Skeletal re- 
mains of man himself are found, with 
more and more heavily built structure 
and facial features, and less and less vol- 
ume of brain capacity, the deeper and 
older the fossil horizon in which they are 
found. Some of the more ancient of 
these fossils differ so far from any exist- 
ing human skeletons as to make it ad- 
visable to assign them to an extinct 
human species, though still superior to 
existing apes. 

(12) In other families of mammals, far 
longer series of apparently evolutionary 
forms have been discovered. One of the 
most complete of these is that of the 
horse, which presents a succession of ani- 
mals of growing size and modified organs 
beginning with Eohippus of the early 
Tertiary, a little four-toed creature no 
bigger than a fox, and passing through 
at least five species of different stages of 
gradual development in later fossil hori- 
zons, culminating in the great Equus, the 
modern horse, which uses but crx toe. 

(13) The theory of organic evolution 
requires for the succession of develop- 
ments, from the scanty and lowly life of 
Pre-Cambrian horizons to the mamma- 
lian forms of the present day, an enor- 
mous extent of time. The earlier evolu- 
tionists made demands of hundreds of 
millions of years upon the bank of time; 
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demands which at that time, over fifty 
years ago, the physicists and astronomers 


could by no means see their way to admit 
The geologists, however, also demanded 
for the deposition and weathering of 
sedimentary rocks in which the fossils 
are found, almost or quite as great a 
span of years as the evolutionists. The 
discovery of radium, and of the nature 
and transformation of and the 
discovery of the nature of the interior of 
the sun and stars, and of their probable 
source of energy due to the destruction 
and transformation matter—all 
these having to us 
within thirty years—have fully recon- 
ciled the physicists and astronomers. In 
the radioactive rocks, they now have a 
clock which their utmost powers and in- 
genuity have never shown it 
either to accelerate or retard, and it in- 
dicates that our earth has been weather- 
ing for about a billion years. Thus, a 
length of time adequate to bring about 
the whole of evolution 
now to have excellent evidence. 
(14) All things change. Among the 
stars, astronomers can discover unbroken 
gradations far more complete than 
paleontologists yet of fossils, 
through which they can trace the evolu- 
tion from relatively cool red giant stars, 


atoms, 


of of 


discoveries come 


possible 


progress seems 


possess 


hundreds of millions of miles in diam- 
eter, and rarer in composition than the 
gas in a vacuum pump, to the still gigan- 
tic blue stars, five times hotter than those 
dazzling are lights which gasify even 
carbon. The gradation proceeds yet fur- 
ther, through a series of stars of descend- 
ing temperature, more and more ruddy 
glow, and decreasing size, till the glow 
fades out altogether, and the star becomes 
a cool solid like our earth, having lived 
the star-life and to the star- 
decrepitude. In life all things change. 
Landscapes, families, friends, all grow 
different as years go by. In fossil forms, 
changes most extraordinary and tremen- 
dous in their import are apparent in 
every type of life, vegetable and animal. 


come 
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Why should we think man exceptional? 
Is it not a sign of hope rather than of 
degradation? For if he has come to be 
what he is in a period which geologically 
is but brief, compared with the duration 
of the age of reptiles or the age of am- 
phibians, why may we not anticipate for 
the future a more wonderful man, whose 
superhuman attributes and powers we 
can not prophesy? 

Such is the groundwork of the evolu- 
tionary faith. The confirming facts are 
so numerous that it is out of the question 
to attempt to give them here. To do so 
would require a book of details which 
would needs be carefully written to 
avoid obscuring the main issues by the 
multiplicity of supporting evidences. 
But it must never be forgotten that no 
constructive theory is ever proven. One 
merely arrives at a degree of probability 
that is evaluated differently by different 
minds. The destructive critic may pick 
such a host of flaws in the theory of evo- 
lution that the ill-informed may become 
bewildered, and full of doubt as to 
whether a doctrine so vulnerable can be 
worth entertaining. 

Similarly, a destructive critic of the 
contrary persuasion may assault the 
theory of the inspiration of the Scrip- 
tures, and by setting up parallel columns 


of inconsistencies, statements contrary ¢ 
Christian kindness, and figurative ex 
pressions, omitting at the same time ; 
acknowledge the nobility of the er 
conceptions therein, he may make ¢ 
puzzled truth-seeker doubtful if he ea) 
without violence to his reason entertain 
at all the sublime claims of relig 
More especially are these methods 
argument misleading if they are accom 
panied, as they often are on both sides, 
by ridicule and personalities. In su 
cases they engender heat, not light, and 
only harm arises. 

We must admit that there are many dif 
ficulties and shortcomings in the theory 
of evolution. We are cheered by t! 
rapid discovery of new facts that help t 
clear up these doubtful places, but it will 
never be possible to secure as complet: 
and exact proofs as those of theorems in 
geometry. On the other hand, when w 
confront such a series of facts as we hav 
deseribed above, supported by thousands 
of other details not here mentioned, w 
must consider them. The human mind 
in all countries and in all ages has eve! 
been prone to explain natural phe- 
nomena. LEvolutionists are merely fol- 
lowing precedent in setting up the best 
theory they can to include the facts they 
know. 
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THE BIBLE AND SCIENCE 


By Dr. GEORGE S. DUNCAN 
THE AMERICAN UNIVERSITY 


Tue Bible is the best of books. It has 
heen too often the worst read of books. 
The Seriptures resemble a hunting 
eround where every one bags the de- 
sired game. The fundamentalist and 
modernist, progressive and conservative, 
pre- and post-millennarian, advocate of 
election and believer in free will, pro- 
hibitionist and anti-prohibitionist, evo- 
lutionist and special creationist, Catholic 
and Protestant, all appeal to the Bible 
to sustain their respective views. These 
varied and often contradictory interpre- 
tations are apt to bring the Bible into 
disrepute. People ask if the Scriptures 


support such differing views, do they 
teach any true views? 
A very common reason for missing the 


exact meaning of the Bible has been the 
neglect of historical and grammatical in- 
terpretation. Scripture must be studied 
historically in the light of the time, place 
and cireumstances when it was written. 
The principles of the ripest grammatical 
and lexicographical knowledge must be 
applied to all words and sentences. 
Happily the scholarly Biblical gram- 
mars, lexicons, dictionaries, introduc- 
tions and commentaries of our time fur- 
nish all the tools necessary for an ap- 
proximate correct reading of the text. 
Unfortunately, too few use these schol- 
arly works. The result is a conflict of 
views as to what the Bible teaches. 

The interpretation claiming our atten- 
tion at this time is the prevalent attempt 
to make the Bible an authority for pres- 
ent-day science. This is inconsistent 
with the purpose of the Scriptures which 
were written to teach religion and not 
science. Proofs of this abound all 
through the Bible, as the following pas- 
sages show: 


And now, Israel, what doth the Lord thy 
God require of thee, but to fear the Lord thy 
God, to walk in all his ways, and to love him, 
and to serve the Lord thy God with all thy 
heart and with all thy soul. To keep the com- 
mandments of the Lord, and his statutes which 
I command thee this day for thy good.! 

He hath showed thee, O man, what is good; 
and what doth the Lord require of thee, but to 
do justly, and to love mercy, and to walk 
humbly with God.? 

Thou shalt love the Lord thy God with all 
thy heart, and with all thy soul, and with all 
thy mind. Thou shalt love thy neighbor as 
thyself. On these two commandments hang 
all the law and prophets.’ 

I am come that they might have life, and 
that they might have it more abundantly. 

And that from a babe thou hast known the 
sacred writings which are able to make thee 
wise unto salvation. Every scripture inspired 
of God is also profitable for teaching, for re- 
proof, for correction, for instruction which is 
in righteousness.5 

All these passages plainly show that 
the real purpose of the Bible is to reveal 
our duty to God and man. How remote 
this is from the effort to make the Scrip- 
tures an authority in science. The Bib- 
lical writers were spiritual experts and 
not scientific specialists. Professor Mar- 
cus Dods* says: 

It is not the object of the writers of Scrip- 
ture to impart physical instruction or to en- 
large the bounds of scientific knowledge. Every 
writing must be judged by the object the writer 
had in mind. 

Professor H. E. Ryle’ writes: 

On the other hand, we have no right to as- 
sume that, in things distinct from the spiritual 

1 Deut. 10: 12, 13. 

2 Micah, 6: 8. 

8 Matt. 22: 37, 39, 40. 

4 John, 10: 10. 

5 II Timothy 3: 15, 16, 17. 

6 Genesis, Expositor’s Bible, p. 1. 

7**Early Narratives of Genesis,’’ p. 6. 
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and moral life, the letter of Scripture is en- 
dowed with omniscience. Scripture is divinely 
inspired, not to release men from the toil of 
mental inquriy, but to lead and instruct their 
souls in the things of eternal salvation. In 
regions of thought within the compass of 
earthly cognition, the books of Scripture re- 
flect the limitations of learning and knowledge 
which are inseparable from human composi- 
tion in their sphere of time and place. 


Principal A. E. Garvie* says: 

All that need be stated in general terms now 
is this, that we can not accept the Bible as a 
text-book of science, astronomy, geology, biol- 
ogy, anthropology, or psychology, as in all 
these departments the writers were limited to 
the knowledge of their own age and surround- 
ings. 


Professor W. H. Bennett® writes: 


The special object of revelation is no more 
to inform about history as such, than about 
geology, astronomy or psychology. Its object 
is to make God known to men, and to enable 
men to live in fellowship with God. 


Cardinal Baronius (1538-1607) aptly 
declares: ‘‘The Bible was given to tell 


us how to go to heaven, and not how the 


heavens go.’’ In discussing a Roman 
Catholic view of science, Sir Bertram 
Windle*®® says: ‘‘The Catholie is not to 
be so foolish as to look upon the Bible as 
a text-book of science, or of any science.’’ 

During the past centuries the blunder 
of opposing Scripture to science should 
furnish a great warning not to repeat 
the same error to-day. Thus at one time 
all believed that the earth was the cen- 
ter and that the sun revolved around it. 
Copernicus (1473-1542) and Galileo 
(1564-1642) showed that the sun was 
the center and that the earth revolved 
around it. This view aroused a storm 
of opposition from theologians, Catholic 
and Protestant alike, who quoted Bibli- 
cal passages describing the rising and 
setting of the sun. Copernicus and Gali- 
leo were accused of teachings contrary 
to the Bible. Luther (1483-1546) de- 
nounced Copernicus as an arrogant foe 

8 ‘Christian Doctrine of Godhead,’’ p. 4. 


®‘* Faith and Criticism,’’ p. 26. 
10 Current History, December 1925, p. 338. 


who wrote in defiance of Scripture 
Melancthon (1497-1560) urged the sup. 
pression of such mischievous doctrines 
by the secular power. John Calvin 
(1509-1564) asked: ‘‘ Who will ventur: 
to place the authority of Copernicus 
above that of the Holy Spirit?’’ Father 
Melchior Inchofer, 8.J., wrote in 163] 

The opinion of the earth’s motion is of aJ} 
heresies the most abominable, the most per 
nicious, the most scandalous: the immovability 
of the earth is thrice sacred: arguments against 
the immortality of the soul, the existence of 
God and the incarnation should be tolerate 
sooner than an argument to prove that t 
earth moves. 


Similarly, when Sir Isaae Newt 
(1642-1727) announced the law of grav- 
ity in 1685, it was said that ‘‘ Newton 
removed God from his universe and put 
a law in His place’’ and that he ‘‘t 
from God that direct action on his works 
so constantly ascribed to him in Scrip- 
ture and transferred it to material mech- 
anism.”’ 

These are illustrations of the Bibl 
being used in the past to settle scientific 
questions. We see, to-day, what a mis- 
take this was. Copernicus, Galileo and 
Newton were right and the theologians 
were wrong. President Andrew D 
White™ says: 

In all modern history, interference with 
science in the supposed interest of religion, no 
matter how conscientious such interference may 
have been, has resulted in the direst evils both 
to religion and to science. 


The science of the Bible is that of the 
age when it was written. The Biblical 
authors apparently had no scientific 
knowledge in advance of their time. The 
cosmogony of the Hebrews was largely 
that of the Babylonians as the Babylon- 
ian inscriptions show. This was to be 
expected, for the Hebrews came origi- 
nally from Babylonia, ‘‘Ur of the Chal- 
dees.’’ Furthermore, we now know that 
Babylonian culture permeated Palestine 

11 ‘Warfare of Science with Theology,’’ |, P. 
VIII. 
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from about 3000 B. C. to 1200 B. C. 
when the Israelites, under Joshua, en- 
tered the promised land. Professor O. C. 
Whitehouse*® says: ‘‘It is to Babylonia, 
the land of the highest and most ancient 
Semitic culture, we must look for the 
most fruitful clues to ancient Hebrew 
thought and life.’’ Professor S. R. 
Driver writes: ‘‘In fact, no arche- 
ologist questions that the Biblical cos- 
mogony is, in its main outline, derived 
from Babylonia.’’ 

In very brief outline the Babylonian 
and Hebrew cosmogony is as follows. 
The earth is a flat dise with a large cave 
ealled Sheol in the center and with a 
great ocean beneath. The sun rises in 
the east and sets in the west. The firma- 
ment is a solid vault resting on moun- 
tains. Above the firmament is a body 
of water which comes to the earth 
through openings. The Biblical crea- 
tion was completed in six days of twenty- 
four hours. The chronological data in 
the Old Testament place the creation at 
about 4000 B. C. It is hardly necessary 
to add that the findings of modern 
science are quite at variance with such 
a ecosmogony. Professor Herbert E. 
Ryle™* says: 

The first portion of the book of Genesis deals 
with the origin of the universe and the begin- 
nings of the human race. The narratives from 
a modern point of view are unscientific. There 
is nothing in them of which modern astron- 
omy, geology or biology can take account. 
Physical science and the Biblical cosmogony, 
in their description of natural phenomena, be- 
long to wholly diverse phases of thought. The 
Biblical narrative under the symbolism of 
primitive folklore represents, as in a series of 
parables, fundamental religious ideas respect- 
ing the beginning of things.’’ 


Various attempts have been made to 
harmonize modern-science with the cos- 


mogony of the Bible. Nearly half a 
century ago Sir J. W. Dawson (1820- 
1899) in his ‘‘Origin of World Accord- 

12 Hastings’ Dictionary of Bible, I, p. 507. 


18** Authority and Archeology,’’ p. 15. 
14**Commentary on Genesis,’’ p. XX XVIII. 
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ing to Revelation and Science’’ (1877), 
Professor James D. Dana (1813-1895), 
in his ‘‘Manual of Geology’’ (1880 
and Professor Arnold Guyot (1807- 
1884), in his ‘‘Creation or Bible Cos- 
mogony in Light of Modern Science’”’ 
(1884), made such attempts. These are 
all eminent scientific What 
they say concerning creation according 
to science is presumably correct. Where 
they all fail is in their interpretation of 
the record of Genesis. They read into 
the Hebrew words forced, unnatural and 
illegitimate meanings which the sound- 
est Hebrew scholarship can not allow. 
It is interesting to note that Professor 
J. D. Dana, in the last edition of his 
**Manual of Geology’’ (1895), omits the 
chapter on cosmogony, with which the 
book closed in the previous edition, the 
third, in 1880. No efforts at harmoniza- 
tion are now made by any leading Bibli- 
eal or scientific scholars. Any one mak- 
ing such attempts to-day would betray 
a lack of knowledge of the Bible or of 
science or of both the Bible and science 

Then, too, it must not be forgotten that 
there are two accounts of creation in the 
first and second chapters of Genesis. 
These differ in diction, style, subject- 
matter and theology. They are from 
different writers whose conceptions of 
creation were not the same. These two 
chapters can not be reconciled with each 
other. No one has ever attempted to 
reconcile the second chapter of Genesis 
with modern Professor John 
Skinner*’ writes: 


scholars. 


science. 


Chapter 2: differs fundamentally from Chap 
ter 1: both in its conception of the primal con- 
dition of the world as an arid waterless waste, 
and in the order of creative works: viz., man, 
trees, animals, woman. 


Professor 8S. R. Driver’® says: 


The cosmogony of Genesis has not yet been 
reconciled with the nebular theory of the origin 
of the solar system and with the succession of 


15 ‘*Commentary on Genesis,’’ p. 51. 


16 Andover Review, Vol. 8, p. 649. 
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life upon the globe, as these are at present 
taught by science. Those scientists, who hold 
that they have succeeded in so reconciling it, 
are true to science; they do not realize the vio- 
lence which they are doing to human language 
as the vehicle and exponent of thought; they 
do not perceive that they are silently substitut- 
ing for the sense expressed by the author of 
the cosmogony an altogether different sense, 
such as the theory requires. 


The branch of science at present vio- 
lently attacked is evolution. This whole 
movement is inspired by the belief that 
it is contrary to the Bible. William Jen- 
nings Bryan, in addressing the legisla- 
ture of West Virginia (April 13, 1923), 
said: ‘‘The Bible condemns evolution, 
theistic evolution as well as materialistic 
evolution.’’ In his article in the Forum 
(July, 1925) he writes: ‘‘I do not dis- 
tinguish between theistic and atheistic 
evolutionists; the former are atheists 
in the making and are doing more harm 
than atheists because they mislead more. 
Evolutionists are iconoclasts; they are 
bent on ridding the world of religion 
which they regard as a superstition.’’ 
The legislature of Tennessee has passed 
a law (1925) forbidding the teaching 
of evolution in state-supported educa- 
tional institutions. In Texas the state 
text-book board ordered (October, 1925) 
that all reference to evolution in the 
books adopted for use in the schools be 
eliminated by the publishers before they 
are delivered. The legislature of Mis- 
sissippi passed (March, 1926) an anti- 
evolution bill. It is reported that strong 
lobbies are working in fifteen state legis- 
latures attempting to get anti-evolution 
bills passed. 

As evolution is a purely scientific 
question of a highly technical order, the 
man in the pulpit, pew or street is in 
no position to express an authoritative 
opinion on such a subject. The banish- 
ing of evolution from state-supported 
educational institutions is a serious blun- 
der. No state or national legislature is 
competent to decide scientific questions. 
We must look to the leading experts in 
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biology, embryology, zoology, anthropol- 
ogy, geology, paleontology and other 
kindred sciences for a correct estimate 
of evolution. The supreme court in 
scientific matters in the United States 
is ‘‘The American Association for the 
Advancement of Science,’’ with 
fourteen thousand members, embracing 
all the leading scientific men of the coun- 
try. This organization, at its annual 
meeting in Cambridge, Massachusetts, in 
December, 1922, affirmed without a dis- 
senting vote the following: 


over 


No scientific generalization is more strongly 
supported by thoroughly tested evidences than 
is that of evolution. The evidences for the 
evolution of man are sufficient to convince 
every scientist of note in the world. 


Such an opinion ought to carry in- 
finitely more weight among open-minded 
people than all the voices which are rail- 
ing at evolution. In the leading univer- 
sities, colleges, schools and academies 


evolution is taught as the best explana- 


tion of the facts of life. No other view 
satisfies so completely all the data. As 
Professor J. Arthur Thomson" 
‘The evolution formula fits all the ob- 
served data. It is the key that opens all 
locks.’’ 

It can not be too strongly emphasized 
that evolution is not the cause but the 
mode of creation. We may call evolu- 
tion the method used by the Creator in 
bringing into being the myriad forms of 
animate and inanimate life. Professor 
E. G. Conklin” says: ‘‘It is incredible 
that the system and order of nature, the 
evolution of matter and worlds and life, 
of man and consciousness and spiritual 
ideals are all the work of chance.’’ We 
may now read the first verse of the 
Bible, Genesis 1:1, ‘‘In the beginning 
God created the heaven and the earth’’ 
by the process of evolution. The Bible 
does not tell us anything about the 


Savs: 


17 ‘*Qoncerning Evolution,’’ p. 53. 
18 Scribner’s Magazine, November, 1925, p. 
457. 
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method of creation but only that God 
ereated all. It is the province of science 
to tell us how all was created. In brief 
the Bible answers, Who? Science an- 
swers, How? All assertions then about 


evolution being opposed to the Bible and 
its religion must be regarded as abso- 


lutely false. Such statements betray 
ignorance of the Bible and evolution. 
President Francis L. Patton’® says: 
‘‘The anti-evolutionists have been fight- 
ing blindly because they have not them- 
selves the scholarship to know just what 
they are attacking.”’ 

The anti-evolution movement is pro- 
ducing certain evils. It is creating an 
indifference to and a disbelief in the 
Bible and religion. It is interfering 
with the progress of Biblical study by 
filling Biblical chairs with persons out of 
sympathy with the Biblical learning of 
our time, as well as by removing compe- 
tent persons from their professorships. 
The same movement is preventing the 
teaching of scientific truth in educational 
institutions, is sowing the seed of divi- 
sion in churches and religious bodies as 
well as misinforming the general public 
on the real facts about the Bible and 
science. 

The anti-evolutionists in their use of 
the Bible show a strange inconsistency. 
They quote the Scriptures against evolu- 
tion, but fail to quote it against several 
other views accepted by all to-day. 
Thus the Seriptures assert that the sun 
rises and sets. Why not consider it a 
heresy to believe that the sun does not 
rise or set but is the center of the solar 
system? The Bible makes the earth a 
flat dise with a great ocean underneath. 
Is it not anti-Biblical to believe that 
the earth is a globe? The sky according 
to holy writ is a solid vault. Science 
shows that no such conception is possible. 
If we are going to make the Bible a final 


19 Continent, October 29, 1925, p. 1263. 
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authority as to the mode of creation, as 
the anti-evolutionists so emphatically 
affirm, it would seem to be only consistent 
to make it a final authority in all its 
scientific statements. By not doing so, 
the anti-evolutionists really their 
case away. 

The cause of the anti-evolution move- 
ment is found largely in the church. 
The pulpit in certain localities is half a 
century behind in Biblical and scientific 
knowledge. This is also true in 
measure of certain theological seminaries 
and Biblical schools, which are thus fur- 
nishing men badly prepared for the 
ministry. Church people are thus taught 
erroneous views respecting the Bible and 
science. A fine illustration of this is the 
recent evolution trial in a southern state. 
Such a proceeding would have been im- 


give 


some 


possible in a community with up-to-date 
pulpit teachings on the Bible and science. 

The cure for this anti-evolution move- 
ment is a campaign of accurate knowl- 
edge about the Bible and science. The 
pulpit must rise to the occasion and lead 
this wide-spread 
ignorance. 
give their students the ripest results of 
Biblical and scientific learning. Libra- 
ries should furnish readers with plenty 
of popular scholarly books on these sub- 
jects. Magazines need to publish more 
articles on religion and science written 
by competent authorities. Scientific and 
Biblical organizations might issue cheap 
pamphlets containing exact information 
about these same problems under discus- 
sion. Above all, the press, that powerful 
moulder of public opinion, 
operate most heartily in this same cam- 
paign of enlightenment. The motto of a 
great university is ‘‘veritas lib- 
erabit.’’ Yes, the truth about the Bible 
and science is the only means of making 
us free from error, the error of so many 
who have zeal without knowledge. 


reformation against 
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must ¢o- 


Vos 





THE PROTECTION OF NATIONAL CULTURE 
AS THE PROPER BASIS OF IMMIGRATION 
RESTRICTION 


By JEROME DOWD 


NORMAN, OKLAHOMA 


One of the greatest questions, if not 
the greatest question, for the present 
generation of Americans is that of pro- 
tecting our culture from the contamina- 
tion of the inharmonious elements 
washed against our shores by the tide of 
indiscriminate immigration. The main- 
tenance of the existing law for the re- 
striction of immigration or some similar 
one is the most important obligation of 
the native-born American patriot. And 
every patriot needs to realize the fact 
that it is going to be very difficult to pre- 
vent the floodgates of immigration from 
being reopened. If we would escape 


such a catastrophe we must keep up a 
constant vigilance and stand ready to 
present a united front against any as- 
sault upon the ground we have already 
gained. 

At the present time there are powerful 
influences at work seeking to repeal our 


existing immigration laws. We have in 
our country vast hordes of foreign-born 
people, who have no sympathy or respect 
for our institutions, and are more inter- 
ested in tearing down our culture than 
in assimilating it. They live in segre- 
gated quarters, jabber in their foreign 
tongue and vote for members of Con- 
gress who favor unrestricted immigra- 
tion. All the nondescript and unas- 
similable racial stocks in our country 
are opposed to our immigration laws, 
and, by reason of their united efforts, 
they wield a large influence in both the 
House of Representatives and in the 
Senate of the United States. 

During the World War, the people of 
the United States, after one hundred and 


thirty years of the open-door policy in 
reference to immigration, began to put 
into operation the opposite policy of 
closure. We discovered that a lara 
number of men drafted into our army 
and navy could not speak our language. 
and felt no sense of loyalty to our flag. 
We came to realize that America was not 
a melting pot into which every kind of 
human ingredient could be poured with- 
out spoiling the broth. 

While our new policy of restriction is 
an eminently wise one, the arguments 
which we used to bring it about were not 
altogether sound, and, if we ever have 
occasion to legislate again on the subject 
of immigration, we should have a com- 
prehension of the valid reasons why im- 
migration should be restricted. 

One of the arguments that led us to 
restrict immigration rested wholly upon 
economic considerations. The labor 
unions of our country, and also the 
wage-class generally, had been in favor 
of restricting immigration for many 
years, because they perceived that the 
open-door policy had a tendency to keep 
down wages and to lower their standard 
of living. Then, when Europe was in 
the throes of the World War, many peo- 
ple on this side of the Atlantic feared 
that, when the war closed, we would be 
overwhelmed by the tide of immigration 
from the devastated regions of Europe. 
This fear was not confined to the wage- 
earners, but was felt by all classes, and 
thus there developed a strong public 
sentiment in favor of curtailing immi- 
gration on purely economic grounds. 
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IMMIGRATION RESTRICTION 


Economie considerations, however, can 
not be made the basis for a sound immi- 
gration policy. A study of the tide of 
immigration will show that it adjusts 
itself automatically to our industrial 
needs, that during periods of business ex- 
pansion the tide increases and during 
periods of depression it decreases. There 
is little danger of an excess of immigra- 
tion under normal conditions. 

It is, of course, a fact that any in- 
erease in the supply of labor affects 
wages and the standards of living, but 
these effects have been in operation since 
the beginning of immigration, and they 
have no importance now that they did 
not have at any prior time. As long as 
our industrial condition remains dy- 
namic, there will be demand for more 
laborers, and an increase in the supply 
to meet the demand can have no effects 
of a serious nature upon the wages or 
standard of living of our native popu- 
lation. 

If the economic motive alone had in- 
fluenced us in restricting immigration, 
we would have enacted a law to limit 
future immigration to a certain percent- 
age of the total immigration to date, and 
would not have discriminated against 
certain races by limiting the immigra- 
tion from each country to a certain per- 
centage of people of that country al- 
ready here. 

The second argument which led us to 
restrict immigration was based on the as- 
sumption that certain races of the world 
are superior and others inferior and that 
we should encourage immigration only 
from the superior races. 

Prior to 1885 the racial stocks which 
composed our population had been 
mainly Nordic, and it was argued that 
the Nordie race was the great race of the 
world, and should be protected, by im- 
migration laws against contamination 
with the inferior races of Southern 
Europe and Eastern Asia. 

I do not think that there can be found 
rational support of the theory that the 
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Nordic race is the greatest of world races 
or that it is superior to any other one of 
the civilized races. 

A number of anthropologists of very 
high standing hold that, from the stand- 
point of mental capacity, all the races of 
the world are equal, that such differences 
as we find in the culture of races are due 
entirely to differences of environment 
and opportunity. All the races, even the 
aborigines cf Africa and Australia, have 
shown a capacity to pass through Euro- 
pean schools of learning. 

I do not subscribe to this theory of 
race equality to the extent of believing 
that all races are equally capable of the 
same kind of achievements. I believe 
that the races of the world differ very 
much in inherited traits; that they have 
all developed in different environments, 
and, in adapting themselves to their re- 
spective environments, have acquired 
special aptitudes and dispositions. For 
illustration, the Nordic people, by rea- 
son of the long and severe winters which 
keep them indoors, have acquired a pro- 
pensity to meditate and reflect. 

Their reason, therefore, predominates 
over their emotions. They have self-con- 
trol, self-reliance and a high degree of 
initiative. Also, as a result of their sea 
life and long period of tribal warfare, 
they have developed pugnacity, daring 
and love of adventure. 

The Mediterranean people, by reason 
of their sunny skies and outdoor life, 
have acquired an aptitude for conversa- 
tion and an acuteness of sensibility to 
the external world. They have devel- 
oped a spontaneity and interest in the 
outer aspects of life such as we observe 
in all children. Their feelings and emo- 
tions are relatively ascendant and re- 
spond quickly and delicately to whatever 
appeal is addressed to them. They are a 
people, therefore, who have natural apti- 
tudes for the production and apprecia- 
tion of art. 

Thus, the Nordic people and the Medi- 
terranean people have come to have dif- 
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ferent aptitudes, different types of cul- 
ture, and, therefore, have made different 
contributions to civilization. 

Now, I am unable to see any rational 
ground for assuming that the Nordic 
race is superior to the Mediterranean. 
If we admit that, in a general way, the 
Nordic race has excelled in science and 
that the Mediterranean race has excelled 
in art, I am unable to understand how it 
ean be contended that a people who pro- 
duce science are superior to a people 
who produce art. The Mediterranean 
people represent a much older civiliza- 
tion, and, but for their expansion into 
northern Europe, the Nordic people 
would still be living in a state of bar- 
barism. 

I think that the Jews have as much 
claim as the Nordic people to be re- 
garded as the greatest race on the earth. 
From the little country of Palestine the 
western world got its chief spiritual in- 
spiration, and from the Jews of modern 
times every domain of higher culture has 
received rich contributions. 

I do not think that it will ever be pos- 
sible to convince rationally minded peo- 
ple that any one race is greater than all 
the others, and therefore any effort to 
regulate immigration on such an assump- 
tion will be likened unto building a 
house on a foundation of sand. 

The only legitimate ground for re- 
stricting immigration is that which rests 
upon the fact that each nation has a dis- 
tinctive culture to which it is patrioti- 
cally attached, and that the protection 
of that culture against defilement is the 
fundamental right and duty of each 
nation. 

The culture of a nation consists in its 
material organization, equipment and 
technique and its moral standards which 
underlie its institutions of the family, 
government, education, religion, art, ete. 
This culture has its roots in the distant 
past and has come down to us through a 
very slow process of evolution. It is em- 





bodied in a nation’s traditions and st 
constitutes the discipline which give 
character to its citizenship. ou 

Now, it is a sociological law that. ; 
order for a nation to arrive at a hich reg 
stage of civilization, it is necessarn 
sufficient time elapse to enable al! 4) 
elements entering into a nation’s life + 0 
become harmonized, unified and erysta). 
lized into a tradition. In other words t] 
the culture of a nation can not come jn: 

a flowering period without first develop. ing 
ing a common tradition. For jllustrs ture 
tion, the chief reason why the people of mol 
the United States have not taken trac 
higher rank in science, literature and art cha 
is that, being a new country, they h; 
not had the time to develop the models ol 
types, standards and culture groups wou 
which are indispensable to great produe- zati 
tions in these lines. T 

Another sociological law is that 1 ; Am 
contact of nearly related cultures is stim- eult 
ulating to progress and favorable to V 
development of a_ flowering period zati 
whereas, the contact of distantly related a to 
cultures is antagonistic to progress and awa 
tends to retard or indefinitely postpone a indi 
flowering period. 

Applying these sociological laws t 
immigration problem, we find that, up t 
about 1885, our immigrants brought wit 
them a culture which was nearly relat: 
to the culture already rooted to our soil 
This immigration was therefore st 
lating to progress and favorable to th: 
flowering of our culture. The elements 
of our culture had been harmonized, uni- 
fied and embodied in a tradition. Ws 
became a nation with a distinct and con 
mon culture, and it began to flower about 
1840, expressing itself in such celebrities 
as Longfellow, Lowell, Emerson, Hav- 
thorne, Whittier, Poe. 

From 1885 to the World War the im- 
migrants to our shores not only came in 
greatly augmented numbers but brought 
with them a culture very unlike our own 
Their language, religion, customs and 
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RESTRICTION 


et rds were foreign to our tradition, and discipline amongst us has been show 
uld not readily be assimilated to ing itself in a great amount of crime. di 
ou ture. The immigrants bearing  voree, insanity, suicide and other mani 


reign culture tended to form se.- 
d colonies, where they continued 


ak their native tongue and to live 


festations of ill-adjustment to the in 
creasing complexity of soeial lift 


The culture of the immigrants to the 


ling to the customs and standards United States between 1885 and 1924 

of their native country. was not only different from that of ow 
[he presence in our population of native population, but was of an inferior 
these antagonistic and unassimilable ele- type. The earlier immigrants were mor 
ments of culture had the effect of dilut- idealistic and dominated by fixed prin 
ing and breaking down our native cul- ciples. The chief ineentive’§ which 


ture and preventing that process of har 
monizatieon which makes for a common 
tradition and the perfection of national 
character. 

If we had not set limits to this influx 
culture the 
would have been disastrous to our eivili- 


of foreign consequences 
zation. 

There are special reasons 
Americans can not afford 
culture diluted or confused at this time. 

We are already in a state of disorgani- 
zation and demoralization as a result of 
a too general and a too sudden breaking 
away from our traditions. Our intense 
individualism has caused us to under- 
mine or outgrow the authoritative and 
disciplinary tradition which has given 
whatever stability and moral value we 
have in our domestic, political, religious 
and other institutions. 

This general breakdown of authority 


why we 
to have our 


brought them to our country was love of 


freedom and love of adventure Ihe 


later immigrants were more illiterate, 
more poverty stricken and more bereft 
of idealism, and the ineentive which 
brought them to America was self-pres 
ervation the desire to escape th pangs 
of hunger 

The increasing proportion of our for 
eign-born population of this type has not 
only caused a slump in the general cul 
ture level of our people, but has caused a 
falling off in the proportion of distin 
guished men per million of white popula 
tion.’ 

It would be the utmost folly to allow 
further disturbed by 
the 


ready in the melting pot have had time 


our culture to be 


foreign contact until elements 


to boil down 


1 Ellsworth Huntington, ‘‘ The Character of 


Races,’’ p. 309 








SOME ASPECTS OF 


NORTHWEST COAS’7 


INDIAN ART" 


By HERBERT W. KRIEGER 


U. 8S. NATIC 


ALoNG the island-studded coast of 
southeast Alaska and of British Colum- 
bia are numerous villages and _ settle- 
ments of native Americans known as the 
Northwest Coast Indians. Many of 
these villages are no longer occupied by 
their former inhabitants, while others 
show evidences of neglect because of the 
absence of their owners, who are work- 
ing in the canneries or who are imitating 
the white man’s ways and are living in 
new houses constructed of sawed boards, 
which are all too often fashioned from 
flimsy and makeshift materials, while 


the abandoned ancestral home, which 


represents the highest skill of the north- 
west coast Indian, is allowed to fall into 


deeay. 

The house architecture, sculpture in 
wood, horn, slate and the wood carver’s 
arts of the northwest coast tribes have 
aroused wonder and admiration from the 
time of their discovery by the Russian 
explorer Behring, who first landed at 
what is now ealled Sitka, Alaska, in 
1741. The earliest account of their pecu- 
liar arts dates back to descriptions writ- 
ten by Captain Cook in 1778. 

Nowhere else in the world may one 
find a similar type of art representing 
for the most part the carved figures of 
animal forms. The earved images are 
usually of well-known animals, such as 
the beaver, bear, killer-whale, shark, 
hawk, eagle and raven, but are also of 
mythical creatures, such as the thunder- 
bird, which makes lightning by the flash 

1One of the Smithsonian Radio Talks, ar- 


ranged by Mr. Austin H. Clark; broadcasted 
Station WRC, Washington, March 25 


25, 


from 
1926. 


INAT, MUSEUM 


of its eyes and thunder by the ¢ 
of its and various oth 
found in the natural history books 

These carved images find expres 
on the tall wooden totem poles 
posts, dugout in fact, 
every object of daily use from a mu 
instrument to an artistically « 
cooking pot of cedar wood. The desig 
are usually in low relief but are 
eated in paintings in native col 
house fronts, on boxes and in textiles ar 
basketry. 

The most striking objects on whic! 
native lavishes his best artistie effort 
are the tall columns of cedar wood 
miliarly known as totem poles, but whi 
are really memorials, or, as we might 
say, tombstones, erected in honor of th 
maternal male relative whose property 
the builder had inherited. These totem 
poles are, of course, not built of ston 
but from the 
giant yellow cedar. 
in a cemetery, as with us, but occupy 
instead, the place of honor at the center 
of the gable end of the owner’s house. 

The origin of the arts of the northwest 
coast Indians has never been satisfac 
torily explained. It has been suggested 
that they may be ascribed to a recent 
Asiatic influence or to migrations of 
peoples from the islands of the south 
Pacific Ocean, among whom the arts of 
wood-earving are well developed. An- 
other explanation offered is the effect on 
the daily life of the natives of the ex 
tremely mild and humid climate of ¢! 
northwest coast and the so-called 
kan panhandle. At Ketchikan, nea 
southern boundary of southeast A! 


wings, 
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A NATIVE HOUSE AND TOTEM POLE AT SKIDEGATE, 


{AIDA INDIAN VILLAGE ON THE WEST COAST OF QUEEN CHARLOTTE ISLANDS, Brrrisu Col 
HOUSE ENTRANCE THROUGH BASE OF POLE HAS BEEN SUPPLANTED WITH MODERN DOORS 
OWS. CARVINGS OF GRIZZLY BEAR MAY BE DISTINGUISHED NI 

COLUMN WHILE THE RAVEN OCCUPIES A PLACE AT 
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NORTHWEST COAST 


erage annual number of rainy days 


sa total of 235. Dense forests of 
ful cedars supply 
if the native arts and erafts. The 


ess of the Indians for working in 


materials for 


becomes almost an obsession with 

and find expression, for example, 

long seaworthy dugout canoes hol 
owed from a single cedar trunk. These 
wats are constructed with a high prow 
ind stern, each carved with representa 
tions of mythical and realistic animal 
orms. The vessels are fitted with sails 
ind are often used on fishing expeditions 
carrying parties of forty or more men 
undreds of miles from their native vil 
lage The birehbark canoe of the in- 
terior northern tribes or the skin-covered 
boat of the Alaskan Eskimo is unknown 
to them. In a similar manner do the 


northwest coast Indians differ in almost 


every particular phase of their daily life 


from the other neighboring Indian tribes 
of Alaska, British Columbia and the 
state of Washington on the south. 

A complication in the question regard- 
ing the origin of the highly specialized 
art and material culture of the northwest 
coast Indians may be noted in their for- 
mer practice of wearing armor consist- 
ing of jackets of slats and rods of wood 
or bone. This custom was clearly bor- 
rowed from the peoples of Asia, many 
of whom wear similar coats of mail. To 
offset the proved 
contact with Asia in comparatively re- 
cent times is the absence among them of 
certain other Asiatic traits, such as the 
making of coiled baskets, a trait whic! 
has spread throughout the Indians of 
western America as far south as Mexico 
and eastward to the Great Plains, inelud- 
ing the tribes immediately surrounding 
These neigh- 


significance of such 


the northwest coast area. 
boring tribes have also borrowed another 
trait from Asia, namely, the construction 
of semi-submerged earth-covered houses. 
Such dwellings are typical of northern 
Asia over an area extending as far east 
as Europe, but are not characteristic of 


INDIAN ART 


the Northwest 
| 


fore. as Stated 


Ind 
culture of the northwest 
obseure. 

Whe n one refers to the © 
America, on 


native thinks immediat 


of those traits whieh reached then O 
est development in Mexico and Peru just 
before thi days ol tire Spanisl Conquest 
the practice of agriculture, toget! 
with irrigation, and the use of the 
the domestication of certain animals: 
the 


tures and temple pyramids. Thi 


+ 


smoothed stone strue 


building ot 
orowt! 
of cotton, thread spinning and the use 
making of 


of the loom; the pottery, to 


gether with the use of tobacco and the 


; 


wearing of sandals or moccasins, are the 


essential traits of native American ¢ivi 


Not one of 


practices d by the 


traits 
Northwest 


Still, in his own specialty, 


Thesc was 


lization, 
known or 
Coast Indian 


in wood-earving and in the artistie rep 


resentation of realistic animal figures 


in low relief carving on wood, stone and 


horn, also in painting of realistic or 
mythical animal figures and in textiles 
basket Northwest 
Coast Indian has no equal 

They build their 
split from cedar trunks with the 
the 


These house s have a true frame structure 


designs. the 


and in 


plan . 


houses OT 
aid ot 


only erudest tools and wedges 


and are skilfully fastened with cedar 


bark 
Some of their houses are several hundred 


without the use of nails or pegs 
feet long and as much as fifty feet wid 
They are built with the gable end facing 
the beach, which is reached by a plank 
stairway leading down to the water’s 
In front of the house and usually 
the gable 


The entranes 


edge. 
at the 
totem pole (fig. 4) 


end is the 
to the 


center of 
house is a hole cut through the base of 
the totem pole. 

Among the Tlingit and certain other 
of the northwest coast tribes the totem 
pole has a hollowed cavity in the rear 
of the pole in which the eremated r 
mains of the one in whose honor the me 
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A Hapa INDIAN VILLAGE IN THE QUEEN CHARLOTTE ISLANDS, British COLUMBIA. ' 
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was erected are placed. Nearly 
poles standing at the present time 
have such cavities for the storing of the 
remains of the deceased maternal an- 
from whom the present owner in- 
herited the property. Among the 
Tlingit the name for totem pole is the 
word meaning coffin; its use and signifi- 
eance would make it according to onr 
notions the equivalent for tomb-stone or 
memorial column. 

The erection of a memorial to his uncle 
of necessity includes carved representa- 
tions of animals and events illustrating 
the traditions and genealogy of the fam- 
ily, together with carved images of the 
family animal totem or crests which are 
the reputed remote animal progenitors 
of the particular clan and family to 
which the owner belongs. All this does 
not preclude, however, the right of the 
owner to introduce carvings illustrating 
some particular experience or event in 
his own life which might add weight to 
his bid for fame. 

Most people think of art and of artis- 
tie patterns as of something tacked on, 
something supplementary to, the essen- 
tial parts of an object. That useful 
things may in themselves be pleasing in 
outline without conscious additions made 
for artistic effect is not always realized. 
The art of the northwest coast Indian is 
unusual in that the totem pole which he 
ereects is pleasing in itself, although not 
intended primarily to please but rather 
designed to impress the beholder with 
the owner’s greatness or wealth or posi- 
tion in society, and to induce respect for 
himself as the heir of the family crest 
and totem, all of which are expressed on 
the pole, usually at the base, center and 
top. The Indian has inherited the right 
to the erests and totems representing the 
traditional animal protector of his uncle 
or mother’s brother, together with his 
mother’s family or clan name and rank. 

Much stress is laid on the possession 
of wealth. The desire for the accumula- 


mi 


all t 


eesti 


PLS 


tion of property stirs them to the limit 
of their effort and ability. 
wealth-producing, 


Religious 
and mythical 


half-animal creatures are called to 


ideas 
aid 
in the pursuit of gain, so that many fig- 
ures carved on the totem pole represent 
mythical beings whose presence there on 
the totem pole insures the prosperity 
and future wealth of the owner 

Totem pole art is almost entirely a 
rep 


representation of animals. These 


resentations refer for the most part to 
the role played by certain animals as 
actors in native myths. To properly un 
derstand the carving one must know the 
story of the myth. Then, to make the 
totem pole art still more abstruse, the 
Indian artist pro 
eedure which obtain for him the desired 
results but which make the representa 
tion of animals unintelligible to us un 


has certain rules of 


less the rules are also known. 

He adds certain parts which conven 
tion dictates must be added; or he may 
simplify and represent only what are to 
him the essential animal parts. 

The curved beak of the hawk is in 
variably touching the 
mouth on while the 
thunder-bird cloud hat 
has a larger beak. The raven has a long 
straight beak, while that of the eagle is 
short and Birds, even when 
they take human form, are to be recog- 
nized by a beak added to an otherwise 


represented as 
the under 
which 


side, 


wears a 


curved. 


human face. 

The beaver usually has a stick in its 
mouth, which it holds between its paws. 
The large projecting incisor teeth and 
scaly flat tail are further characteristics 
Certain mythical water monsters may 
take on a variety of forms. Animal rep- 
resentations have erect ears placed above 
the eyes, but are otherwise often difficult 
to distinguish from human -figures. 
Stock objects or fillers in occupying the 
spaces on the totem pole between the 
totemic crests are such minor animals as 
frogs and ground worms. 
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MEMORIAL POLE IN THE PARK 


SITKA, ALASKA 
THIS POLE WAS ORIGINALLY ERECTED AT KASAAN 
VILLAGE, NOW WITHIN THE NATIONAL MONU 
MENT OF OLD KASAAN. THIS POLE WAS GIVEN 
To GOVERNOR BRADY BY JIM PEEL’S FATHER. 
IT IS SUPPOSED TO BE ALASKA’S MOST ELAB 
ORATE COLUMN. 





The bear is usually carved 
ting position and holding a stick 
The tongue usually 
from his mouth. 


his paws. 


The shark carvings may be re 
even when represented in hum 
by three parallel markings on t 
gill 
rises in a triangular shaped lolx 
the downward curved 


representing slits. The 
mouth is 
back exposing sharp triangula 
Other fish are distinguished by t 
The killer-whale is characterized 
prominent dorsal fin. 

The most important thing ir 
of the Indian is his erest or toten 
this 

conceivable ob. 


resentations of animal er 
placed on every 
daily use; they are even tattooe 
arms and body and are painted 
face. The inheritance of a prop 
of a crest or totem determines a) 
vidual’s chances for 
favorable standing in the 
As he inherits the crest or totemiec ai 


suceess and 


comn 


protector from his mother’s mak 
tives, he makes it his business to e? 
memorial 
maternal 
cially able to do so. 


column or tombston 


uncle as soon as he is 

This totem pok 

earved on it, as mentioned befor 

symbolical and often distorted or s 

plified animal figures representing 

inherited family glory or experienc 

may be only after years of saving 

effort that an Indian is able to erect 

column which firmly establishes his loea 

in the estimation of his fellows. belo 
At the time of the erection of his t that 

pole to the memory of his mat anin 

uncle, it is customary to give av had 

large amount of property, su ; 

blankets, and in former times kille 

even slaves. Such feast or propert 

tribution know! 

potlatch. 

an Indian establishes his 

community to a totem pole. 

of property distributed among 


feas 
eanoes 
has come to be 
The giving of a potlat 
right 

The al 


; 


lagers depends on the size of the 
The height of the pole, in turn, 
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d by the number of animal crests 
ns and the rank of the maternal 
hieh the builder of the totem pol 
inherit. An Indian would be 
d at by the inhabitants of the en 
llage if he erected a large pole but 


it possess adequate means to dis 


+ 


sufficiently substantial gifts a 

me of the raising of the pole or il 

assumed animal crests which were not 
litionally his to assume. 

Any unusual experience in the life of 
the individual may be incorporated in 
the carvings on the totem pole. One pole 
as the earved figure of a ship under full 
sail. This pole belonged to a woman who 
was the first of her village to see such a 
vessel and the white men who landed at 
Sitka, Alaska. 

Another carved figure on a different 
pole represents the experience of an In- 
dian at Tongass village who once acted 
as host to a former secretary of the in 
terior who was visiting Alaska. The 
secretary was asked to sit on a pile of 
fine furs in the house of the Indian. At 
the close of the interview he was told 
that he was forgetting his furs. ‘‘It is 
the eustom of our people,’’ said the In- 
dian, ‘‘that what a visitor sits upon is 
his.’’ When the Indian’s totem pole was 
erected later by his nephew, the former 
secretary of the interior was represented 
on it dressed in a frock coat, stovepipe 
hat and checked trousers. 

The story is told of another pole, also 
located at Tongass village. This pole 
belongs to an Indian of the Bear clan, 
that is, the family protective or totemic 
animal crest was the bear. This Indian 
had at a former time given a potlateh or 
feast to a rival chief whose crest was the 
killer-whale. This rival chief lived at 
Wrangell and later through drunkenness 
lost all his property so that he could not 
give a potlatch in return, which was the 
customary thing for him to do. This ex- 
perience of the Indian of the Bear clan 
was represented on a pole erected by his 
nephews by carvings of the uncle’s bear 





INDIAN 


OnIGINA 
QI EEN ( 


“ 


I> 


Al 





THE SCIENTIFIC MONTHLY 














MEMORIAL COLUMNS 
IN FRONT OF THE HOUSE OF THE HEAD CHIEF AT WRANGELL, ALASKA. THE GRIZZLY BEA 
POLE TO THE RIGHT IS THE TOTEMIC FAMILY CREST OF THE NANYAAYI CLAN; THE FIGURE ON 
POLE TO THE LEFT IS A MYTHICAL CREATURE SUPPOSED TO BRING GOOD LUCK. ON THE 
HEAD A NUMBER OF SMALL PLANTS ARE GROWING. 
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iting the dorsal fin of a killer- difficult to reproduce It might be said 
here that all animals know how to re 

her example illustrating how move their skin and to assume human 
carvings may find their way on form for the time being. All bears are 
oles may be seen on a pole erected known to hang up their hides in their 
yonor of one of the first converts to den from time to time and to assume 
tianity, at Sitka. A carving at the human form at will. On this particular 
* the totem pole represents Saint pole placed just below the raven carving 
This was copied from an illustra- is a fish called seulpin or bull-head—a 

in an old Bible in the Russian’ very ugly and repulsive appearing fish 
urch at Sitka. The carving is prob- Bull-head used to be a beautiful fish 
bly responsible for the old story about The raven noted for his trickery was 
the absurdity of a saint on a totem pole. walking along the shore and saw bull 
The following story is told by Dr. T. head in the water. Raven called out to 
T. Watermann to illustrate how carvings him, ‘‘Come on shore one moment.’’ 
placed on a certain totem pole sometimes Bull-head paid no attention. ‘‘Come 
refer to events occurring in the life his- ashore a moment,’’ said raven, » you 
tory of some mythical animal hero. A look just like my grandfather.’”’ ‘‘! 
certain family, whose totemic crest was know you,’’ said bull-head, ‘‘you might 
the Raven, lived at the town of Kasaan, as well be still. Future generations also 
which is now known as the National will know what kind of a person you 
Monument of Old Kasaan. This family are.’’ Bull-head was thus too smart to 
represented on its pole the legend known come ashore. ‘‘Well, then,’’ said the 
as ‘raven traveling.’’ At the top of the raven, ‘‘from this time on your head will 


pole is raven himself, in human form. be big, and your tail will be skinny, and 
Below him is his likeness in bird form. you will be ugly.’’ In spite of his smart 
The impish look that the artist managed ness bull-head is to-day one of the ugliest 
to obtain in his wood carving would be of fish. 





FRANCESCO REDI, THE FATHER OF 
EXPERIMENTAL ENTOMOLOGY 


By HARRY B. WEISS 


NEW BRUNSWICK, N. J. 


FROM an examination of the conven- horse-flesh, a capon, a sheep's 
tional texts on entomology, one would fish and skinned river frogs. H 
never suppose that the science had any _ the visits of flies, the depositior 
background whatever, historical or other- the feeding of the maggots an 
wise, so carefully are all references to the pupae which gave rise t 
very early writers and workers omitted. species of flies. He continued 
I have wondered often why a chapter periments, using the raw and 
at least could not be devoted to the early flesh of the ox, deer, buffalo, lioy 
history of entomology, not in this young’ dog, lamb, kid, rabbit, duck go: 
country but in the world at large. Per- and swallow, and found that, as 
haps some day some one will write retro- various species of flies were bred, s 
spectively on the subject, not neglecting times all from one piece of fk 
to begin with the religious beliefs of the concluded, therefore, that al! 
ancient Egyptians with which the sear- found in meat arose from the 
abaeus was so intimately entwined. flies and not from the decay of 1 

In comparison with Aristotle, Pliny However, in order to confirm hi 
and others, Redi is quite recent, but it he continued the experiments 
remained for him to explode by experi- vised new conditions. He put s 
mentation the long-held theory of Aris- the food substances in sealed flasks s 
totle concerning the spontaneous genera- to exclude the air, and others 
tion of lower animals, even though dis- tainers covered with a ‘‘fine N 
belief in Aristotle’s doctrine had been _ veil,’’ so that the air had access t 
previously expressed in print by Giu- Meat was buried under the groun 
seppe Aromatari of Assisi in his work the work was repeated at different 
‘*De Rabia Contagiosa’’ (1625). Redi’s sons, using different containers. N 
book, ‘‘Experiments on the Generation were bred from the sealed cont 
of Insects,’’ which appeared in 1668, nor from those covered with veils 
while dealing mostly with the results of from the buried meat. In this w 
his various experiments, includes also the proved to his satisfaction that fles 
opinions of philosophers of the period not become wormy spontaneously 
and many quotations from the classies, Concerning cheese worms, alth 
all designed to round out, historically or performed no extensive experime! 
otherwise, his own work. previous work with flies led hin 

In an effort to trace the truth in the — lieve that the eggs were laid in ¢: 
ancient and then modern and popular’ of the ripening cheese, the maggots 
belief that decayed matter produced burrowing into the tender heart 
worms, Redi placed in his open breeding cheese, as opposed to the explanat 
cages or boxes such a miscellaneous as- Gassendi that flies having deposite: 
sortment of materials as dead snakes, a eggs on leaves and grass eaten b) 


pigeon, a piece of veal, a portion of sheep and goats, these eggs wer 
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and cheese, 


worms or 


ed into the milk 


ney developed into 


numerous trials in which eu- 
_ strawberries, pumpkins, pears, 
es. plums, lemons, figs and peaches 
lized, Redi found that such ma- 
ils. either raw or cooked. did not 
grow Wormy if kept in protected place Ss, 
it if left in exposed places produced 
nt kinds of insects according to 

the eggs laid on them. 
He believed that, although all dead 


fesh, fish, plants and fruit constituted 
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TITLE PAGE OF REDI’S BOOK 
2EPRODUCED FROM THE 1909 TRANSLATION PUB 
SHED BY THE OPEN CouRT PUBLISHING COM 

PANY 


material for flies and 


other winged animals, fungi rooted in 


rood breeding 
the ground or on trees produced a quite 
different kind of worm, and that what- 
ever was responsible for the worms in 
ive fungi was also responsible for those 
in living plants and fruits. He notes the 
opinions of two other philosophers as 
follows: 


REDI 


other 


than the 
soul, believes tl 
due to the nourish 
the ground, in wl 
parti les of the sent 
it by the putrefact 
their excrement; 
bodies, living 
les, pregnan 


iven off, 


themsel 


are g 
their leay 
the orig 

Pietro Gassendi \ hat worms bre 
the pulp of fruits owing to the nat 


the flowers by fli 


insem 


, bees, mosquitoes, et 


seeds afterwards deve ‘ing with the fr 


come worms, 


Redi his own 


words: 


{ Xpre SSCS 


matter, I would state my belief that 
vegetables, trees and leaves | 

two ways. One way is that 
and, seeking foor 
to the very heart of the 

The 

cred nee, is to be 
of that 


flowers and fruits of livi 


from outside, 
other way, which 
found in 
soul or princip! 

same that produces t 

Who knows? Perhaps 

trees are produced with 1 second 
than a primary pu 
themselves, but 
is a matrix for 
which remain in 
of time, and 


sunshine. 


As to gall he 
experimental work on the generation of 
that the fly 


young twigs of oak and inserted an egg 


suspect d. before his 


insects, made a slit in the 
therein, the gall arising therefore and 
being a sort of disease caused by the fly's 
sting. He was not sure whether the 
galls appeared first and the flies later 
impregnated them with a seminal fluid 
that helped to produce the worm. H: 
reflected, however, that many fruits and 


vegetables protected by rinds and pods 
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became wormy and observed that galls 
arose in young parts of the plants and 
developed with the plants. In view of 
this, he changed his mind and thought 
‘‘it probable that the generation of 
worms in trees’’ did ‘‘not oceur fortui- 
tously, nor’’ did ‘‘it proceed from the 
eggs deposited by flies, especially as 
every gall or growth has its own peculiar 
kind of worm, gnat or fly, which never 
varies.’’ He further defends his view as 
follows: 


T do not consider it a great sin against 
philosophy to maintain that the worms of plants 
are created by the same natural principle that 
produces the fruits of the plants; and although 
in some schools it is held as an axiom that the 
lower can not produce the higher, I think this 
absurd, for it seems to me that the fact alone 
of flies and gnats being bred in galls is suffi- 
cient to remove all doubt. Besides, ‘‘low’’ 
and ‘‘high’’ are unknown terms to Nature, in- 
vented to suit the beliefs of this or that sect, 
according to the needs of the case. But even 
if it were true, as the scholastics noisily assert, 
that the lower can not produce the higher, I do 
not, for my part, see what there is degrading 
or paradoxical in the assertion that plants, in 
addition to their vegetative existence, possess 
a sensitive power to which this is subordinate, 
and which enables them to produce animal life. 


Redi accounted for the’ presence of 
worms in cherries by the same theory. 
As for the worms in filberts he was un- 
decided whether they entered from with- 
out or were ‘‘generated by direct pro- 
creation of the tree,’’ but finally believed 
that they came from the outside. 

He bred caterpillars through to but- 
terflies, and noted egg deposition, but 
was still doubtful, as the following quo- 
tation shows: 


I tried a great many other experiments, and 
made many observations, but owing to care- 
lessness, some pages, on which I had inscribed 
them were mislaid; hence not wishing to trust 
to my memory, I shall pass on and tell you that 
it is possible that there is some kind of tree, 
which can engender caterpillars, undergoing the 
usual transformation from chrysalis to butter- 
fly. I do not affirm this, neither do I deny it. 


He was not able to witness 
produce caterpillars, as Aris‘ 
serted, nor mulberry trees ‘‘eng 
silkworms, as claimed by Father | 
As to tapeworms, liverworms 
and larvae in the nasal passages : 
and deer, these were supposed 
to have been produced by a vit: 
similar to the one active in th 
the cherry worm, oak galls, e 
thought that the same force mic 
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ONE OF THE ILLUSTRATIONS IN REDI’s B00 
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THE OPEN CouRT PUBLISHING COMPA? 


sibly be responsible for the lice infesting 
the external parts of men, quadrupeds 
and birds but was more inclined to bi 
lieve with Johann Sperling that they 


originated from eggs deposited by) 
females. 

Other matters are discussed also b) 
Redi, such as the untrue ideas of bees 
arising from the decayed flesh of bulls 
of wasps and hornets from dead hors 
flesh and the habits and birth of scor 
pions. In the course of some of his dis 
cussions, he confirms the statemen' 
Galen, Lucian, A. Aphrodisius, | 
drovandi and Sperling, that flies d 
coming in contact with oil, but con): 
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FRANCESCO REDI 


iate the additional affirmations 
, Aldrovandi and Sperling that the 
fies would revive if left in the sun or 
prin! d with hot ashes. 

-Franceseo Redi was born in Arezzo, 
ruscany, in 1626, some thirty-three years 
‘er the emissaries of the inquisition 
started on the track of Bruno, the Ital- 
in philosopher, their activity finally re- 
suiting in his imprisonment and death 


subst: 


by burning in 1600 for ‘‘apostasy, her- 
esy and violation of his monastie vows.’”’ 


GRAIN WEEVIL 
ANOTHER FIGURE IN REDI’s BOOK. REPRODUCED 
FROM THE 1909 TRANSLATION OF THE OPEN 
CourT PUBLISHING COMPANY 


Seven years after Redi’s birth, Galileo 
was condemned by the Holy Office to im- 
prisonment for an uncertain time on ac- 
count of his views on astronomy, the 
consulting theologians of the Holy Office 
having asserted in 1616 that the theory 
of the central position of the sun in our 
solar system and the rotation of the 
earth were ‘‘untrue in philosophy, heret- 
ical and contrary to Holy Scripture.’ 
Through the intercession of the Duke of 
Tuseany, Galileo’s sentence was com- 
muted to banishment. 


youth studied in 
Fathers, who 


Redi in his early 
Florence under the Jesuit 
were strongly Aristotelian. Then he took 
up philosophy and medicine at the Uni 
later returning to Flor 
He finally be 


versity of Pisa, 
ence, where he practiced. 
came court physician and was highly 
thought of by Ferdinand II, Grand 
Duke of Tuseany, and by his son and 
successor, Cosimo III. In addition to his 
medical duties Redi was entrusted with 
minor diplomatic and often 
acted as mediator in settling differences 


matters 


of opinion between the Grand Duke and 


his son. Cosimo, it is recorded, was 
more interested in prosecuting religious 
offenders and in settling matters of etl 
quette than in anything else. In fact, 
the seventeenth century in Italy, except 
for the study of nature, has been charac- 
terized by some as vacuous, with every 
kind of affectation and mannered form 
Salvator Rosa, the Neapolitan 


feminality of 


in vogue. 
artist, mourned over the 
his countrymen. 

On account of his position at court, 
Redi was sought by the learned of the 
time and frequently used his favors for 
the interest of his friends. Filicaja, the 
poet, was patronized by the Grand Duke, 
made a senator and later Governor of 
Volterra and Pisa, while Bellini, the 
anatomist and physician studied 
medicine under Redi, was physician to 
the Grand Duke. Both were Redi’s 
friends. Redi was a member of the Ac 
cademia del Cimento and to this society 
belonged his friends Carlo Dati, the 
philologist, who was interested in lin- 


who 


guistic purism and to whom his ‘‘ Ex 
periments on the Generation of Insects’’ 
was dedicated, and Borelli, the physicist 
and astronomer, mathe 
matics in Pisa and later in Messina, from 
which place he was obliged to move after 
having taken part in a revolt. Redi was 
also a member of the Lineei, founded in 
1603 by Cesi for the purpose of foster- 
ing physical sciences and an Arcadian 


professor of 
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under the patronage of Queen Christina, 
of Sweden. 

Redi’s attitude toward the Jesuits was 
always deferential, due perhaps to his 
early training, perhaps to his positicn at 
court where he probably could ill afford 
to arouse the jealousy of religion by too 
advanced scientific views. Father Seg- 
neri, the Jesuit mission orator, was his 
close friend, and to Father Kircher he 
inseribed his report on ‘‘ Various Natural 
Curiosities brought from India.’’ In his 
‘*Experiments on the Generation of In- 
sects,’’ when disagreeing with Kircher, 
he speaks of the father as a ‘‘man 
worthy of esteem’’ being ‘‘led into er- 
roneous statements’’ and of Paracelsus 
as a charlatan, although at this time the 
statements of both Kircher and Para- 
celsus seem equally absurd. 

It seems inconceivable that Redi, after 
confuting the theory of the generation 
of insects in dead matter and after stat- 
ing his disbelief in the generation of in- 


sects in living matter, should, subsequent 
to his observations, completely change 
his mind and attribute the insects in liv- 
ing plants to ‘‘the same natural princi- 
ple that produces the fruits of the 


plants.’’ Although his enti: 
written in a somewhat conciliat 
ion, in his former observations 
dead matter he was not so dist 
himself. Perhaps his early tra 
later association with the Jesu 
limited his reasoning when 
disearding the Aristotelian the 
plied to living matter, a theory 
by the Jesuits. Perhaps he w 
vineed by his observations 

the error was later corrected by 
Vallisneri. Redi died in Pisa, \ 
1697, and the many editions ot 
indicate that it was well receiv: 
existing workers. It marked th 
ning of experimentation. Sp: 
born in northern Italy thirty 
after Redi’s death, was inspire 
work to conduct similar trials 
croscopi¢c animals, with results sii 
those of Redi, thus paving th 
later experimentation and disco, 
translation of Redi’s book on 
tion of Insects’? by Mab Big 
gether with an introduction deali 
his life, by the translator, was pu 
in 1909 by the Open Court Pul 
Company. 
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ARIADNE; OR SCIENCE AND KINDLINESS 


By Professor R. D. CARMICHAEL 


UNIVERSITY OF ILLINOIS 


Wuen Mr. Haldane wanted a quaint 
fgure to stand as a picturesque symbol 
¢ the power of science he found it in 
the great architect and sculptor of 
Minoan Crete. This Daedalus was a far- 
distant ancient who was already becom- 
ing mythical at the beginning of Greek 
civilization. Haldane’s choice of him 
may serve to carry the veiled intimation 
that science has hardly changed its spirit 
through the ages. It has acquired new 
power to be sure, it has corrected many 
of its errors in method and conclusion, it 
has produced astonishing results, but 
all through the centuries there have been 
important problems which it could not 
undertake, such as the significance of 
life or the meaning of the universe, or 
even such as the more imperative one of 
finding ways to increase kindliness 
among men. 

So great were the known successes of 
Daedalus, as in the construction of the 
palace and sanctuary of the Double Axe 
at Cnossus—a building exhibiting (as 
shown by rather recent diggings) an ex- 
traordinary architectural skill and a re- 
markable knowledge of sanitary and 
hydraulie science—and in the creation 
of the wonderful works of art with which 
it was decorated, that we are not sur- 
prised at the development of those leg- 
ends which aseribe to him the making of 
a wooden cow for Pasiphaé and the 
fashioning of a bronze man to repel the 
Argonauts. 

Daedalus furnishes an apt mythical 
setting for a picture of science as the 
benevolent dispenser of great goods aris- 
ing from inereased control over our en- 
vironment and our material heritage and 
as the source of blessings which specula- 
tion may faney but experience has not 


yet known. Indeed the figure appears to 
be a little too apt for Mr. Haldane’s pur- 
poses alone. It is quite suitable also for 
the directly opposed purposes of Mr. 
Russell, who can not see an attractive 
future for science but on the contrary 
says: 

I am compelled to fear that science will be 
used to promote the power of dominant groups, 
rather than to make men happy. Icarus, hav- 
ing been taught to fly by his father Daedalus, 
was destroyed by his own rashness. I fear that 
the same fate may overtake the populations 
whom modern men of science have taught to fly. 

How far ingenuity might succeed in 
interpreting the stories of Daedalus as 
symbolic of science I can not say. But 
the figure is so apt in one other respect 
that I can not refrain from pressing it 
further. In no legend of Daedalus is 
there an indication of his having con- 
tributed directly to the increase of kind- 
liness among men. The nearest approach 
to something of this sort, so far as I 
know, is the legend that he made a danc- 
ing place for Ariadne, the daughter of 
King Minos. Partial verification of this 
legend is found in the fact that such a 
dancing place has been discovered by A. 
J. Evans in the Minoan palace at Cnos- 
sus. Probably it may be held that the 
frequent enjoyment of the dance will 
contribute something to the development 
of the spirit of kindliness; and evidence 
to this effect may be offered from leg- 
ends, since Ariadne afterwards had such 
sympathy with Theseus as to aid him in 
avoiding the belly of the Minotaur. 

With a little indulgence on the part 
of the reader and without any more vio- 
lence to the sacred stories than that done 
by Mr. Haldane and Mr. Russell I may 
use the place of Ariadne in the Daedalus 
legends as symbolic of the position held 
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by kindliness in the work of science. 
The resulting essay may be read as a 
companion to those of Haldane and Rus- 
sell.? 

Science has not tended to a study of 
kindliness. I do not know that any one 
has so much as raised the question as to 
whether it is the hormones or the chalones 
which are its instigators. The hormones 
are chemical messengers thrown by cer- 
tain glands into the blood circulation; 
they serve as excitants and stirrers-up 
of activities. The chalones are similar 
but have the opposite function of put- 
ting on the brakes. Probably no one 
knows whether kindliness is a dominant 
attitude needing hormones to stir it up 
or whether it is a recessive attitude 
which will be manifested if the brakes 
sufficiently retard inhibiting actions or 
whether both hormones and chalones 
have nothing to do with it; there seems 
to be no knowledge of any physiological 
facts on which kindliness may rest. It is 


possible that it is not determined by 


such facts. Science has not tended to a 
study of kindliness. 

And what is much more, science has 
tended to ignore the presence of kindli- 
ness in nature, or at least to give to it 
only a belated and imperfect recogni- 
tion. The usual picture of the struggle 
for existence shows the bared tooth and 
the reddened claw. There has been a 
fight to the death where many have 
passed into everlasting darkness and a 
few have carried on the light of progress 
—for a while. As applied to ourselves 
Huxley has stated this one-sided view in 
the following words: 

In the case of mankind, the self-assertion, 
the unscrupulous seizing upon all that can be 
grasped, the tenacious holding of all that can 
be kept, which constitute the essence of the 
struggle for existence, have answered. For his 
successful progress, as far as the savage state, 
man has been largely indebted to those quali- 
ties which he shares with the ape and the tiger: 
his exceptional physical organization, his cun- 
ning, his sociability, his curiosity, and his imita- 


1J. B. S. Haldane, ‘‘ Daedalus, or Science 
and*the Future’’; Bertrand Russell, ‘‘ Icarus, 
or the Future of Science.’’ 


tiveness, his ruthless and ferocious dest; 
ness when his anger is roused by op; 

This is the principal direction in wh 
science has tended to look for its unq, 
standing of evolution. 

But there are other facts, and +] 
lie so closely at hand that it is dif 
to see how they were overlooked by « 
many, or, if seen, were given so | 
weight. In recent years they hay 
ceived a fuller recognition. Som 
them have been marshalled by the Rus 
sian zoologist Kessler to support 
thesis that ‘‘in the evolution of the 
ganic world—in the progressive modi 
cation of organic beings—mutua! sup. 
port among individuals plays a mu 
more important part than their mutual 
struggle.’’ Geddes has given many ex 
amples of the evolutionary réle of other. 
regarding activities and of the surviva 
value of subordinating the self to 1 
species. Drummond has spoken e! 
quently of the struggle for others as 0) 
posed to the struggle for self. Kro; 
kin has gathered many facts to show t 
importance of mutual aid in the anim 
kingdom. To him the law of mutu 
support is as certain as the law of mu 
tual struggle and is ‘‘of the greatest im 
portance for the maintenance of life, t 
preservation of each species and its fu 
ther evolution.’’ 

It is easy enough to see how the 
struggle for existence has arisen and 
why it has survival value. The inti 
mate role of mutual aid is profounder 
and is more difficult to observe. Let us 
first see how it works and let us then 
seek its origin. 

When baffling difficulties confront an 
individual he may answer back by 
girding his loins and throwing himself 
against the limitations; this is th 
struggle for existence. 
intensifying competition an animal! may 
seek the security and safety of its off- 
spring. A bird may laboriously build 
more than two thousand feathers int 
its nest and thus protect its young, uD 
mistakably strengthening the family 
foothold in the struggle for existence 
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but in doing so it is not directly harm- 
ing any other bird. Instead of sharp- 
ening claws and whetting teeth a crea- 
ture may find a place where their pro- 
tection is not so much needed. Instead 
of the fight with kin for subsistence we 
may have a more elaborate parental 
eare. Instead of the ‘‘dismal cockpit’’ 
of nature which many have found we see 
with J. A. Thomson a frequent ‘‘en- 
deavor after well-being on a non-com- 
petitive basis.”’ 

A careless Darwinism has had a sin- 
ister effect. 

It has given the seeming sanction of science 
at one time to a soulless commercialism, at an- 
other to an overweening pride of race and the 
lust of dominion. By one of the paradoxes to 
which the history of thought is prone, the 
theory of progress has been in the main a 
weapon in the hands of intellectual and moral 
reaction. But every new theory has to go 
through its infantile diseases. The worst of 
these arises from that distemper of the mind, 
peculiarly prevalent in the half-educated world 
of modern thought, which prompts men to pick 
up ideas which specialists have elaborated for 
their own purposes in their own departments 
and apply them indiscriminately as catchwords 
to settle questions arising in another sphere. 


se 


Moreover, there has been ‘‘a forgetful- 
ness of the apartness of human society 
from the animal world with which it 
is nevertheless solidary—an apartness 
which forbids any uncriticized transfer- 
ence of a purely biological induction to 


social affairs.’’ The trend of human 
society and civilization has been away 
from the harsher aspects of nature’s 
régime — notwithstanding the terrible 
temporary lapsings, such as that of the 
World War. The survival of the fittest 
among animals should be replaced among 
men by the survival of those who con- 
tribute most to enlarge the heritage 
which each generation receives from its 
predecessor and passes on augmented to 
its successor. 

Perhaps it is not far wrong to say that 
altruistic sentiment has its source in 
maternal affection. A mother enjoys 
her children as being flesh of her flesh; 
receiving pleasure through them she 
loves them. Parental affection becomes 


The 


male loves the female, and a psychical 


a strong support to the species 


bond grows up between them and is 
strengthened. ‘‘The father 
susceptible to the loved ones whom his 
mate cherishes. If then his; 
and their nearness, their helplessness, 
strengthen the bonds of affection.’’ The 
antenatal partnership of parent and 
child creates a bond of close sympathy. 
‘Can any one believe in any origin of 
altruistic sentiment which does not start 
from the love of mates, the love of par- 
ents for their offspring, the love of off- 
spring for their parents.’’ 

The sublimation of sexual attraction 
into friendship has been one of the great 
promoters of kindliness both in the race 
and in the individual. When this has 
grown into family affection it overflows 
to kin and afterwards to all men as parts 
of the common brotherhood of man. 
Much of the kindliness which has its 
root in sexual attraction and the care of 
a family would be lost if relatively few 
men should be the fathers of half the 
new generation, each having many chil- 
dren by many mothers—a condition inti- 
mated by Russell. 

Perhaps it will be agreed that one sex 
(the female) has predominantly the 
spirit of kindliness. How much it would 
help if each individual could have the 
experience of both sexes, so that every- 
one would know the kindly feelings of a 
mother for her offspring. Moreover, the 
present situation leaves the race in two 
sex-groups necessarily without the abil- 
ity to understand each other fully. 
Whatever blessings the division into 
sexes may have brought it has certainly 
left us with the disadvantage of having 
two groups such that the individuals of 
neither can enter fully into the experi- 
ences of the other. Even in man there is 
a hint of another condition in which this 
evil might be removed by a complete 
hermaphroditism, and this is actually 
realized in the case of some of the lower 
organisms. But there is such a revul- 
sion of the normal person from the her- 


becomes 


hers, 





228 


maphrodite that man can hardly be ex- 
pected to use this solution of the problem 
even if he should obtain such control 
over sex as to produce double-sexed indi- 
viduals at will. 

And yet there can be no doubt that it 
would contribute greatly to the spirit of 
kindliness if each one who is a father 
could also know for himself the experi- 
ence of being a mother. Perhaps the 
mothers would also gain something if 
they might have the experience of a 
father’s cares. 

If parents learn to control the sex 
of their children—as it now seems 
likely that they will—and if this con- 
trol results in a large preponderance 
of males, as Russell supposes, then we 
must either radically change our con- 
ception of the family or leave many 
men without the opportunity of that 
development of kindliness which the 
rearing of a family is capable of pro- 
ducing. If science should lead us to 


this state of affairs, it would not only 
fail—as it has in the past—to assist 
effectively in the growth of kindliness, 
but it would also be a large factor in de- 
stroying for many men their best oppor- 


tunity to develop kindliness. It can 
hardly be expected that they would be 
willing to play the réle of the sterile 
worker-bee in the beehive and labor 
assiduously for the good of the race 
which they could have no part in propa- 
gating. They would become individu- 
ally harmful and dangerous on the whole 
to the best growth of human character. 

With respect to experiences depending 
on sex some of the lower animals are 
more fully equipped than we, though 
it must be admitted that they have not 
used their position to advantage. We 
have already mentioned hermaphrodit- 
ism which occurs in a true form among 
some of the lower organisms. It may 
also be noticed that there are some 
animal species—the glutinous hag is 
an example—each individual of which 
passes first through a stage when it is 
a male and afterwards through another 
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when it is a female. If they possessed th 
requisite self-consciousness and memory. 
they could profit in character format 
by the double advantage which we haye 
thought of as coming from being both a 
father and a mother. They have the 
physical form without the mental requ 
site for this value, while we in tun 
probably have the mental requisite but 
ean not profit by the change of physical 
function. 

We do not yet know in what resides 
the essential metabolic difference be- 
tween male and female. One is a sperm- 
producer, and the other is an egg-pro- 
ducer. Among many creatures, includ- 
ing ourselves, one carries the unborn 
young and the other does not. The ex- 
perimental study of sex was late in be- 
ing developed—due to a certain feeling 
of indecency about such investigations, 
a feeling which is often not yet overcome 
among laymen. But much progress has 
been made in recent years—as ever) 
one must realize who has conceived the 
vivid picture of ectogenesis drawn by 
Haldane. 

Some investigators think that male- 
ness or femaleness depends on Mendel- 
ian factors, and they point in many 
cases to a special chromosome in the sex 
cells which they describe as sex-deter- 
mining in character. Others believe 
that ‘‘sex is an expression of deep dif- 
ferences in the rate and rhythm of 
metabolism, differences which may be 
swayed to this side or that by various 
influences.’’ 

When a male crab carries a certain 
parasitic crustacean called Sacculina its 
whole constitution is sometimes changed 
in a remarkable way. It develops 
female characteristics. The composition 
of its blood is greatly altered, showing 
a profound change in metabolism 
*‘The male organ or testis disappears 
and its place is taken by a little ovarian 
tissue, which actually produces eggs.’’ 
There is a change of the abdominal ap- 
pendages in the direction of the femi- 
nine type of the species. ‘‘And the 





male crab treats the parasite protruding 
under its tail as if it were a bunch of 
eggs!’’ We have been so accustomed to 
the fixity of sex that we stand almost 
aghast at such a revelation. 

It is known that ‘‘the expression of 
the masculine and feminine characters 
is in some cases under the control of 
hormones or chemical messengers which 
are carried by the blood from the repro- 
ductive organs throughout the body, and 
pull the trigger which brings about the 
development of an antler or a wattle or 
a decorative plume or a capacity for 
vocal and saltatory display.’’ Perhaps it 
is the effect of parasites on these hor- 
mones which leads to the observable re- 
sults in the conformation and habits of 
the crab just mentioned. 

For some years it has been known that 
pigeons lay two kinds of eggs differing 
in the intensity rates of their chemical 
processes. The eggs which are lower in 


storage capacity and more intense in 


metabolism develop into males. The 
eggs of higher storage capacity and with 
yolk of greater energy-value develop into 
females. The differences seen in the 
two kinds of eggs have their counter- 
parts in the adult birds, as is shown by 
analyses of the blood of cock and hen 
pigeons. Professor Oscar Riddle, to 
whom these discoveries are due, has 
developed individual birds which one 
could not call entirely typical of either 
sex; in each of them there is a sort of 
blend of the characteristics of both sexes. 
To some extent he has effected a sort of 
gradation from one sex toward the other. 

More recently such investigations have 
been carried much further, and we have 
heard announced the actual change of 
sex in some individual fowls. We have 
seen that there are animals with which 
this is a natural process. But if we are 
to trust some recent experiments and 
observations we now have the possibility 
of changing the sex of some individual 
fowls in species in which such change 
does not normally belong to the life 
eyele. And the scientific study of sex is 


" ”) 


yet in its early infancy! Though this 
change of sex in fowls has been claimed, 
it is yet uncertain whether the results 
ean be accepted. But it is significant of 
the trend of experiment that the claim 
has been put forward. 

Recent careful study shows that our 
conscious mental life is affected by influ- 
ences which flow up from the lower 
levels of an unconscious stream 
moves without ceasing in the deeper re- 
cesses of our nature. In these depths 
lie (1) certain general tendencies and 
sentiments marking our sympathetic at- 
titude toward mankind, (2) deep racial 
memories, some of them going back per- 
haps to prehuman roots, like the almost 
universal dread of snakes, (3) influences 
from early life which are now submerged 
below the surface of our everyday ex- 
periences and (4) a deep-seated sex-urge, 
existent almost from infancy but coming 
to conscious force only at adolescence 
and then under the influence of the hor- 
mone-producing glands. According to 
Freud the repression of the sex-urge 
has a profound effect upon character 
and conduct which had not been sus- 
pected until recent years. 

In an essay in ‘‘These Eventful 
Years’’ (published by the Encyclopedia 
Britannica Company ), volume II, p. 519, 
Freud himself says: 


which 


But one also came upon another purely em 
pirie result, by discovering that the experiences 
and conflicts of the first childhood 
play an unsuspectedly important réle in the 
development of the individual and leave behind 
indelible dispositions for the period of pubes- 
cence. Thus something was discovered which 
was hitherto systematically overlooked in sci- 
ence, the infantile sexuality, which from the 
tenderest age begins to manifest itself in phys- 
ical reactions as well as in psychic attitudes. 
In order to bring together this infantile sex 
uality with the so-called normal sexuality of 
the adult and with abnormal sex-life of per- 
verts the concept sexual had itself need for ad- 
justment and extension, which could be justi- 
fied by the history of the evolution of the 
sexual instinct. 


years of 


It is thus apparent that the present 
body of knowledge, in biology and in 
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psychology, has an important fringe in 
the domain of the investigation of sex— 
about which we know a great deal with- 
out knowing what it is essentially. 
Both in the discovery of fact and in the 
development of theory there is great 
progress to-day in the understanding of 
sex. It has always been a central factor 
in human institutions and character and 
in the conception of ethical and moral 
standards—so emphatically indeed that 
the word moral is often used specifically 
in reference to the rightness of conduct 
in the sexual relation. The feeling of 
indecency which many persons experi- 
ence with reference to the study of sex 
is already disappearing from the minds 
of experts, and the layman is becoming 
used to it in a new way on account of 
the place which it holds in much of the 
current literary product—and not least 
in some of the most widely popular pro- 
ductions. 

Many questions of the future center 
around our increasing knowledge of sex 
and the effect which this may have upon 
the future life and progress of mankind. 
Witness the remarkable intimations of 
Russell’s ‘‘Iearus’’ and the more defi- 
nite and astonishing predictions of 
Haldane’s ‘‘Daedalus.’’ Whether these 
authors are right in their indications of 
the possible lines of change makes but 
little difference. What is important to 
us is to realize that we are face to face 
with probable great changes in human 
society owing to the increasing knowl- 
edge of sex and the varying attitude 
towards it. Probably no one can sense 
with certainty the direction of change. 
But that we are to see a world new in 
many respects can hardly be doubted. 
Sufficient evidence for this lies in the 
one fact alone that human parents prob- 
ably will be able (at a not distant date) 
to choose the sex of their offspring. We 
have already considered some of the 
great consequences which might follow 
from such a power of control. 

With many of these thoughts in mind 
my head pressed a restless pillow and I 
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had one of the strangest of dreams 
in the dream itself it appeared to be o) 


of the most natural occurrences: we 
never surprised at what happens iS 
dream, however strange it may seem ¢ spoon 
us afterwards. I appeared to myself : mi 
be on the planet Mars and in attendane. 7 
upon a scientific meeting. To be upon “Tt 
this one of the many islands in our un lor 4 
verse appeared no stranger to me thar ag 
to be upon one of the islands of ; ded 
earth. : P 
I was present, as I said, at a s = 
entific meeting. The lecturer was ¢ It hae 
ing an address of a semi-popular natur whieh 
in character much like those which w — | 
frequently have as retiring presidential —* 
addresses before the American Associa- ev 
tion for the Advancement of Science — 
If I should undertake to classify the ‘= 
speaker I should probably call him a — 
geologist; but the Martian geologists — 
seem to utilize history in their scienc belon; 
much more than is possible upon the these 
earth. This is due to the fact that until 
written records seem to be extant with Than 
them of such an age as could be de- remal 
scribed by us only in geological terms mands 
Moreover, it appears that the Martians key t 
of to-day have, and have deciphered, the —_ 
written records of another intelligent able | 
race much older than themselves—The Lost . 
Lost Race—a race which has been ex- « the 
tinct for such a time as we could describe at ¥e 
only in geological terms. The present ro 
race of Martians is more like a far-de- irom 
veloped evolutionary form of some spe- tende 
cies of two-sexed individuals such as we paral 
have found among the lower organisms ing, 0 
on the earth. In my dream it appeared syste! 
that each individual of the extant Mar- betie 
tian race, if he or she comes to full genui 
maturity, first passes through the sex- forme 
ually neutral (or nearly neutral) stage to th 
of childhood, then through a stage in ment 
which ‘‘he’’ is a male and normally 4 beens 
father, then through a sexually resting ree 
stage (characterized by a great menta! of th 
productivity), then through a stage 10 are 
which ‘‘she’’ is a female and normally “il 


a mother, and then finally through 4 
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vuiescent stage to death (without any 
intervening period of senility). The 
speaker whom I heard in my dream 
was at the period when one changes 
from maleness to femaleness. 

This Martian historian-geologist spoke 
to his colleagues as follows: 

“Tt is well known to you that we have 
for a long time been able to read the pic- 
ture writing of the Lost Race who pre- 
eded ourselves in their dominion over 
this planet, and that through it we have 
understood many of their characteristics. 
It had been suspected that these records, 
which were deciphered over a century 
ago, belonged to their earlier history; 
and, in fact, we have had in our hands 
for two generations a great wealth of 
strange documents which clearly showed 
a later origin both by their apparently 
more advanced character and by their 
having been found in strata evidently 
belonging to a later geologic age. But 
these strange records remained for us 
until recently a veritably sealed book. 
Thanks to recent excavations and to the 
remarkable skill of contemporary schol- 
ars we have come into possession of a 
key to the records which have been accu- 
mulating for a century, and we are now 
able to unravel the later history of the 
Lost Race and to understand something 
of the cause of their disappearance. All 
of you have heard of the discovery of the 
remarkable Parallel Document, so called 
from the fact that we have the same ex- 
tended account engraved on stone in 
parallel columns in two systems of writ- 
ing, one of these being the known picture 
system and the other being an alpha- 
betie system. With a great skill and in- 
genuity in linguistic interpretation the 
former has been made to yield the key 
to the latter; and the accumulated docu- 
ments of a century of excavations have 
become an open book to us. They yield 
a fascinating account of the later history 
of the Lost Race and thus give us a new 
means of understanding by contrast 
many of our own advantages. I shall 


undertake to set forth some of the re- 
markable results of this recent scholar- 
ship. 

‘*Let me first recall to your minds 
briefly the state of our knowledge of the 
Lost Race prior to this recent deciphe r’- 
ment of their later records. As already 
indicated, this has been drawn princi- 
pally from the picture-writings—now 
definitely known to belong to their ear- 
ler history. It is natural that our 
knowledge of them should have arisen 
from these primitive records, for pic- 
tures furnish a universal language. 
Even in the conventionalized form used 
by the Lost Race in writing there yet 
remained something very suggestive of 
what was intended by the symbols. Not- 
withstanding this we should probably 
never have been able to decipher them 
had it not been for the fact that their 
scientists had attained to an accurate 
knowledge of astronomy and geology. 
There is a certain invariancy in the ma- 
terials of these sciences over a long pe- 
riod of time. They described geological 
formations so accurately that we were 
helped in finding the meaning of many 
symbols by our own precise knowledge 
of the facts which were being described. 
But, most of all in their statement of the 
precise laws of astronomy, we have had 
the best means of checking up their pic- 
ture symbols for things of a more ab- 
stract nature. But I need not carry you 
through this whole story; it is already 
familiar to you. It is sufficient to our 
present purpose to remember that we 
were able to understand the picture 
writing of the Lost Race principally 
from two fortunate facts: The pictures, 
though conventionalized, were often very 
suggestive of the meaning intended; the 
picture documents contain accurate 
scientifie accounts of facts and princi- 
ples which we also know through the 
labors of our own scientists, and we are 
thus able (by means of what we know) 
to successfully interpret their language 
when they describe or explain the same 
things. 
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‘*From the picture writings and espe- 
cially from the fragments of biology, we 
have learned that each individual of the 
Lost Race was a one-sexed individual 
like most of the lower animals whom we 
know to-day. We shall see later that 
their destruction was intimately con- 
nected with this fact. But we must 
dwell a little while on the fact itself, 
since it is so hard for us to realize that a 
really advanced race of intelligent beings 
could exist when every individual has 
the experience of only one sex. They 
were never able to profit, as we always 
do, from the wisdom of our Old People, 
each individual of whom has passed 
through the whole gamut of racial expe- 
rience. Their population existed in two 
groups separated by a wide gulf. There 
could be no passing over from one sex to 
the other in the experience of a single 
individual. No member of the Lost Race 
could have more than half the normal 
experience of an intelligent individual. 
One might be a father; but, if so, that 
one could never be a mother. One might 
be a mother; but, if so, that one could 
never be a father. As a result of this 
every member of the Lost Race came to 
the end of life with only a half-life’s ex- 
perience, so to speak. Judged from our 
point of view, every member of that race 
died in immaturity, without ever having 
come to a state of quiet and full wisdom 
such as all our Old People have reached. 

‘After youth the members of that 
race passed to a sexually mature stage 
and in that stage they spent the greater 
part of their lives. They did not have 
the sexually resting stage during relative 
maturity when an individual could be 
free from those appetites of the body 
which so often are distracting to mental 
occupations. One of our greatest bless- 
ings, as we all recognize, comes from the 
achievements of our middle age when we 
are sexually neutral. Our whole ener- 
gies then can go into mental activity. 
This is the period of life, as you know, 
in which nearly all our greatest scientific 
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discoveries are made. Without sy 
period we could not maintain ov; pr 
ent high state of science and civilizat; 
this proposition would probably be dis 
puted by no one who meditates on ; 
great flowering of mental achieve: 
which we so often witness in the pe: 
of rejuvenescence in which we are sexy 
ally neutral. But the members of ; 
Lost Race had no such blessings. Whey 
they passed from the stage of sexua] ae. 
tivity they entered upon a strange ; 
riod which they called senility. The 
body remained alive and the mind cop. 
tinued to exist in some imperfect and 
slowly functioning form. Neither th 
body nor the mind remained strong t 
the end, except in the case of very few 
individuals. They did not possess the 
means of rejuvenescence which is com. 
mon to us just after the stage of male. 
ness and prior to the stage of female- 
ness. These beings, in some respects 
highly organized and highly endowed, 
were lacking in that plasticity which is 
needed if each individual of the race is 
to pass through what we may eal! a fu! 
racial experience. Each individual o 
them could have only a half-racial expe- 
rience. 

‘*This fact concerning them we hav 
known for a long time, and we have real- 
ized how it must have left them always 
with a strangely incomplete experience 
The race was divided into two parts, on 
of them having one portion of the racial 
experience and the other having another 
portion; but no individual could have a 
full racial experience. This, I say, we 
had known for a long time; but it 
only with the recent decipherment of th 
more ‘advanced documents that we hav 
been able to realize what was implied i! 
this defect. That the Lost Race itsel! 
was only dimly aware of its deficiency 1s 
natural, for it is well known from the 
geological record that they flourished at 
a time when only low forms of life ex- 
isted with the nature which has since 
been found essential to the highest 


achit 
with 
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achievements, namely, that in accordance 
with which each individual passes suc- 
cessively through both sexual stages with 
the intermediate sexually neutral stage. 
But when we look upon their newly re- 
vealed history from the vantage point of 
our own experience we have readily such 
an understanding of them as they them- 
selves could not have acquired. 

‘‘A word must be said about the na- 
ture of the new documents which have 
been recently interpreted. As already in- 
dicated, they are alphabetic in character. 
It is remarkable that this ancient Lost 
Race made in a fairly perfect form such 
an achievement as this—one which we 
know ourselves to have made only after 
a long struggle through numerous tenta- 
tive written languages. To find a means 
of interpreting an alphabetic written 
language is very difficult unless there 
is some clue to it. This explains why 


we could have remained in possession 
of these ancient documents a long 
time without understanding them. We 


might never have deciphered them had 
it not been for the discovery of the 
remarkable Parallel Document. With 
the latter in hand, the task became pos- 
sible, though it was still difficult. The 
key to the alphabetic language was dis- 
covered. Thus the accumulated alpha- 
betie documents became open to us. 
Once it has become possible to interpret 
an alphabetic document it can be read 
with much greater ease, speed and ac- 
curacy than a picture document. This 
accounts for the rapidity with which the 
alphabetic documents have become 
known to us, once a key to them had 
been discovered. 

*“*As intimated, we are now in a posi- 
tion to understand the disappearance of 
the Lost Race. I have singled out this 
aspect of our knowledge of them for spe- 
cial emphasis at this time because of the 
great lesson which it has for us. I need 
not pause to speculate on what would 
have been the consequences to ourselves 
if the Lost Race had not perished. But 


I may, in passing, point out one obvious 
fact. If that race had not disappeared 
there would have been no place for us. 
As it turned out, they lacked stability, 
to be sure; but they were on the scene 
ahead of us. One of their scientists has 
described a small animal which we recog- 
nize as our remote evolutionary ances- 
tor; and he described that animal as an 
undoubted lower organism. Moreover, 
our ancestor was evidently repulsive to 
him, for he speaks, almost as with a feel- 
ing of indecency, of the fact that each 
individual in the race of our ancestors 
passed in its life through both sexes. 
There can be no doubt that the Lost 
Race, if it had remained in its one-time 
position of supremacy, would have re- 
sented the evolutionary emergence of our 
race and would most likely have de- 
stroyed our ancestors. It raises strange 
feelings in our mind when we realize 
that our present state and probably our 
very existence depend on the fact that 
the Lost Race did indeed disappear. 
With what feelings would the members 
of that remote race have contemplated 
our ancestors if they could have sus- 
pected that they themselves would later 
yield their supremacy and disappear 
while we ourselves should come to such 
heights of achievement as they were 
never able to reach. 

‘*But we must return to a considera- 
tion of the fatal weakness of the Lost 
Race. This was revealed only when we 
began to interpret the more recent rec- 
ords of their experience. In this way 
we have been able to understand what 
was formerly a great enigma to our best 
scholars. Heretofore we had known but 
little more than the material surround- 
ings and conditions of the Lost Race. 
While we saw many of their imperfec- 
tions as compared with ourselves—some 
of them I have already mentioned—we 
nevertheless found them in possession of 
a harmoniously organized body and in 
control of material forees far beyond the 
minimum that would be necessary for 
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subsistence at a high level. In none vu 
these things was there any intimation o 
the prospective doom awaiting them. 
Our best thinkers had long felt that 
there was nothing in the material or 
physical situation which could accourit 
for the disappearance of a mighty race 
with sound bodies. It had been suspected 
that something in mental outlook or 
moral standard—in short, something of 
a spiritual character—stood between 
them and that perpetual dominion on 
our planet to which they looked forward 
—apparently not without cause. 

‘‘That this suspicion of our scholars 
was correct has now been abundantly 
verified by the conclusions which are in- 
evitable from the facts found in the re- 
cently deciphered documents. But the 


specific nature of the defect which has 
been revealed is such as no one could 
have suspected as belonging to rational 
beings—in fact, it is so strange as to 
raise serious doubts as to whether the 


members of the Lost Race weré really 
rational beings. 

‘‘Let us see what were some of the 
facts in the case. They continued to be 
warriors up to the end, that is to say, as 
long as they existed in sufficient num- 
bers. In the primitive ages of their 
earliest history war was probably useful 
in developing some of the ruder of the 
sturdy virtues and in its selective effect ; 
this is in accordance with what is gen- 
erally recognized in the remote history 
of our own race before war was abol- 
ished. But there came a time with them 
when war was no longer profitable; it 
was merely destructive. In this respect 
it was like what our own historians tell 
us about our remote past. It appears 
that all the advantages of war are re- 
versed and become evils when the race 
engaging in it has become possessed of a 
sufficiently full control of material re- 
sourees. It becomes possible for a few 
well-equipped persons to destroy too 
great a number of his opponents; it gives 
no opportunity for developing those 


ruder rugged virtues which primitiy, 
conflict seems to have a means of foster. 
ing; it exercises in no way a selectiy, 
influence but destroys the population 
without discrimination even to the ex. 
tent of wiping out whole cities 
provinces. 

**Such is the experience through whic! 
the Lost Race passed. Wars continued 
with them without ceasing, as we learn 
from the remarkable document prepar 
by some of the last remnants of the race 
on the remote island of Enola—an island 
on which excavations have only recent); 
been made. If the great so-called Last 
Document of the Enola remnants of that 
race is not indeed the last record which 
the race has left us of their experienc 
it is certainly not far from the last. 
This remnant contained the sole surviv- 
ing members of the Lost Race which they 
themselves knew; and they probably 
came to their end from earthquake or 
other great disturbance of the island, for 
the island of Enola is known to have 
been subject to voleanic action. 

**But let us return to the record which 
the Enolans have left of the later his- 
tory of their race. It is principally an 
account of wars which increased in 
ferocity from generation to generation. 
For some thousands of years these wars 
were in the nature of combats confined 
to certain parts alone of the planet. 
But with increasing organization and 
control of materials and means of trans- 
port these became broader in their reach 
until each of them finally involved the 
whole world. The means of combat 
were so cruelly refined and the rivalry 
was so ferocious that it finally came 
about that the victors exterminated their 
opponents practically in toto. Many of 
these people began to feel that life was 
hardly worth living and the birth-rate 
accordingly declined. 

‘**Moreover, the victorious members of 
the Lost Race, having almost completely 
exterminated their rivals, failed to be 
able to continue in agreement among 
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themselves. They became divided into 
hostile camps and fought to the prac- 
tieal extermination of one party. The 
process was repeated through several 
wars until respect for life had passed 
to a lower ebb apparently than has 
otherwise been known among the spe- 
cies of this planet. 

‘It seems that the continued state of 
turmoil and the repeated experience of 
warfare brought about the production 
of monsters—members of the Lost Race 
from the lower levels of society who had 
learned the means of destruction in- 
vented by their greatest scientists; and 
that these monsters, with a diabolical 
delight, turned the tools of destruction 
against their fellows and hastened the 
disappearance of the race. 

‘‘From the Enolan records it appears 
that some members of the Lost Race— 
at least some of those on Enola—realized 
the need of a moral awakening, a stir- 
ring of a sense of kindliness—which was 
surely absent from those who planned or 
permitted these destructive wars. I can 
not go into the details of the record—in 
fact, not all of it has yet been deciph- 
ered. It must suffice to say that no suc- 
cessful means was found—at least none 
was found soon enough—to overcome the 
spirit of rivalry and to replace it with 
such a spirit of kindliness as would 
leave the members of the Lost Race with 
the ability to live together in peace. 
Obviously they might have continued 
indefinitely in the state of warfare if 
they had not developed such means of 
destruction ; but, with the latter in their 
power and with an unabated spirit of 
rivalry everywhere rampant, it was in- 
evitable that they should be reduced at 
least to a few greatly hampered rem- 
nants. 

“In fact, it appears, as we have said, 
that they were reduced to the single 
remnant on the island of Enola. In the 
writings of these we begin to find a 
fairly intelligent discussion of the need 
of kindliness as an element of character. 


In. .the earlier records of the Lost Race 
on. ean hardly find an intelligible men- 
tion of kindliness; and, when there is a 
reference to it, it seems to be referred to 
rater as a virtue 
rather as a confession of inability to 
hold,one’s own and a hope that one will 
be Ieft undisturbed by the more pow 
erful. 

‘*But a certain incipient 
kindliness was in existence among the 
Enolans. They could not fail to see how 
its absence had brought about the almost 
complete destruction of their race. But 
they seem never to have had a realiza- 
tion of the extreme irrationality of a 
character which possessed great power 
over the forces of nature but which had 
not a corresponding great kindliness in 
its make-up. They got only so far as 
to sense dimly what the spirit of kind- 
liness must be to be effective for good; 
and then they disappeared—destroyed, 
it seems, wy the power of the natural 
elements. 

‘*TIt will bring strange feelings to any 
of us to contemplate what might have 
been the. consequences if the Enolans 
had lived and had rapidly developed a 
spirit of kindliness and had thus ac- 
quired the means of survival in large 
numbers. They would doubtless then 
have repeopled our planet, and they 
would not have permitted our own evo- 
lutionary emergence. But they were 
not to succeed with their too late experi- 
ment. They had had their day and 
chance and had failed ; nature would not 
allow them another opportunity. The 
Enolans were the last remnant of their 
kind and the race disappeared with 
them. 

‘*What is to us the practical lesson of 
this diagnosis? We should have a new 
sense of the importance to oursélves of 
the spirit of kindliness, a characteristic 
in which we have taken delight for ages. 
Let us recognize anew its great impor- 
tance to our evolutionary progress; and, 


weakness than a 


spirit of 
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while we have made such conquest in 
this direction as has not otherwise been 
witnessed on our planet, let us resolve 
that the measure of our kindliness shall 
always increase. For many ages it has 
been the greatest theme of our literary 
people (with the Lost Race a similar 
place was held by the spirit of competi- 
tion and rivalry). The choicest gems 
enshrined in our language were written 
in praise of kindliness, the authors ex- 
periencing a sort of divine afflatus when 
speaking of it which no other theme has 
evoked. In the more primitive period 
of our existence this element of our 
character was not apparent; but that 
was the time when our remote ancestors 
had not yet attained the full standard 
of rational beings. As we see the matter 
now, kindliness is necessary in any being 
of sound character and rational intellect. 

‘‘But we must not judge harshly the 
members of the Lost Race for their fail- 
ure to develop kindliness. This grace of 
character is based partly on mutual un- 
derstanding—and that is a thing which 
was impossible to them in fulness because 
of the fact that the race existed in two 
sexes with a bar between them which 
could not be passed by any individual. 
Perhaps their physical constitution made 
it impossible for them to develop some 
of the essential spiritual graces. It 
might be supposed that the mind would 
rise superior to the physical organism 
and so emphatically assert the need of 
kindliness that it would be developed. 
But such was not the case—at least, it 
did not happen soon enough to save the 
Lost Race. They perished from the 
face of the planet and left the opportu- 
nity to us. Will we be able to hold the 
dominion permanently or is there now 
some lower organism developing in the 
direction to become our superiors? And 
will some later geologic epoch witness 
their control as the lords of this crea- 
tion? No one can tell.’’ 

This vivid description of the passing 


of a Lost Race of great power and } 
intelligence—compressed as it was ay 
a short lecture, and lacking in detaj|_ 
made a profound impression on ; 
speaker’s colleagues. It was clear tha 
they were deeply moved by the concep. 
tion of the rising and passing of grey 
races; their minds were stirred with 
profound questionings, inquiring,‘‘ Wh»: 
shall we do to be saved?’’ 

As I said at the outset the incidents 
of the dream, as they were occurring 
appeared to be perfectly natural. There 
was no sense of surprise. When | 
awaked it seemed almost as if I had been 
instructed by a supernatural visit 
But I soon realized that nothing had 
happened except that my mind, uncon. 
trolled in sleep, had put together in a 
new form the facts that I had been con- 
templating during the evening, had 
transferred them to a new setting, and 
had added a few exaggerated features 
of its own. I observed that the dream- 
speaker had assumed without question 
that mechanistic or materialistic philoso- 
phy of life which is prevalent with a 
certain group of scientists in our own 
day. When he thought of superior ele- 
ments of character in his own race he 
turned without question to seek a physi- 
eal basis for them. Nowhere throughout 
his discourse was there more than a bare 
reference to the possibility of achieving 
good things through experiences initi- 
ated by the mind. 

It was not difficult to agree with him 
about the beauty and worth of kindli- 
ness, but I could see no good reason for 
supposing that it rests entirely or even 
mainly on the physical basis which he 
urged. That there would be a certain 
advantage arising from the role of sex 
in his race and from the activities of the 
sexually neutral period I could well be- 
lieve. But I could see no reason for giv- 
ing it the central position which he as 
signed to it. Nevertheless, it set me 0 
a curious speculation which I shall 
record. 
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It is evident that the two sexes of the 
human race have developed distinctive 
qualities of character, and it is conceiv- 
able that an advantage might arise if we 
had means of producing in every one the 
better qualities of both sexes. In order 
to bring this about it is important to 
know the cause of these qualities in the 
They arose in the evolution- 

On the physical basis let 
us suppose that these qualities are 
brought out in an individual by hor- 
mones which are sent out from the sex- 
glands, the process of evolution—so far 
as this matter is concerned—having pro- 
eured the selection of individuals in 
whom the hormones are generated. If 
the differences arise in this way, the 
sexes could perhaps be brought toward 
a common character by a transfer of 
hormones from each sex to the other. 
This is a weird speculation which the 
Martian theory of sex suggested. 

The restrained insistence of the Mar- 


two sexes. 
ary process. 


tian on the need of the spirit of kindli- 


ness is much more impressive. His Lost 
Race, of course, was only the dream pic- 
ture of our own race—a race with too 
much power in its hands for the mea- 
sure of kindliness which it possesses. 
We must always face the possibility of 
losing our dominion over the earth and 
having our place taken by other evolu- 
tionary forms developing into beings of 
higher survival value. We have not al- 
ways been the dominant creatures of this 
earth. Several different masters ruled 
before we appeared on the scene. Will 
others rule after we have become ex- 
tinet? No one can say. I believe that 
we are in no imminent danger of imme- 
diate destruction. But it does begin to 
appear that we need a newer and finer 
spirit of kindliness than we have yet 
developed if we are to secure the contin- 
uance of the present dominant civiliza- 
tion. 

Seience has not done the work of de- 
veloping a spirit of kindliness to the 


requisite degree. Neither have our 
divines nor our ethical 
made sufficient progress in this direction. 
Neither has the life and work of man as 
a whole. In his ‘‘Icarus’’ Russell draws 
a terrible picture of our progress to- 
wards stability and a living condition. 
Without more kindliness a trend in the 
direction of rivalry and suppression, as 
indicated by him, seems likely if not in- 
evitable. We are headed in that direc- 
tion now, probably on account of the 
philosophy of life that we hold; and the 
philosophy which this generation holds 
is that which science has taught it. 

Now science appears to have been one- 
sided in its development. The fact has 
been pointed out before, but apparently 
the warning involved in it has not been 
sufficiently heeded. I want to reiterate 
that warning with the hope of turning 
more attention to it. To develop the 
neglected side of truth holds out a hope 
to us, especially as it is the side of truth 
which pertains to character and human 
aspirations. I can not present the warn- 
ing to better advantage than to quote the 
utterance of the great James Clerk Max- 
well? Maxwell says: 


philosoph« rs 


In all such eases [as those which he had just 
described] there is one common circumstance— 
the system has a quantity of potential energy, 
which is capable of being transformed into 
motion, but which can not 
transformed till the system has reached a cer 
tain configuration, to attain which requires an 
expenditure of work, which in certain cases 
may be infinitesimally small, and in general 
bears no definite proportion to the 
developed in consequence thereof. For ex 
ample, the rock loosed by frost and balanced 
on a singular point of the mountain side, the 
little spark which kindles the great forest, the 
little word which sets the world a fighting, the 
little scruple which prevents a man from doing 
his will, the little spore which blights all the 
potatoes, the little gemmule which makes us 
philosophers or idiots. Every existence above 


begin to be so 


energy 


2See the discussion of determinism and free 
will in ‘‘The Life of James Clerk Maxwell,’’ 
by Campbell and Garnett, pp. 434444, quoted 
in Henderson’s ‘‘Order of Nature,’’ pp. 213- 


228. 
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a certain rank has its singular points: the 
higher the rank, the more of them. At these 
points, influences whose physical magnitude is 
too small to be taken account of by a finite 
being, may produce results of the greatest im- 
portance. . : 

It appears then that in our own nature there 
are more singular points—where prediction, ex- 
cept from absolutely perfect data, and guided 
by the omniscience of contingency, becomes im- 
possible—than there are in any lower organiza- 
tion. But singular points are by their very 
nature isolated, and form no appreciable frac- 
tion of the continuous course of our existence. 
Hence predictions of human conduct may be 
made in many cases. First, with respect to 
those who have no character at all, especially 
when considered in crowds, after the statistical 
method. Second, with respect to individuals 
of confirmed character, with respect to actions 
of the kind for which their character is con- 
firmed. 

If, therefore, those cultivators of physical 
science from whom the intelligent public de- 
duce their conception of the physicist, and 
whose style is recognized as marking with a 
scientific stamp the doctrines they promulgate, 
are led in pursuit of the arcana of science to 
the study of the singularities and instabilities, 
rather than the continuities and stabilities of 
things, the promotion of natural knowledge 
may tend to remove that prejudice in favour of 
determinism which seems to arise from assum- 
ing that the physical science of the future is a 
mere magnified image of that of the past. 


Though much could be said in favor 
of the thesis implicit in this statement 
by Maxwell we shall pass over it rap- 
idly. It can not be doubted that science 
has left out of account nearly all that 
pertains to one side of the human pic- 
ture. As Maxwell says, it has given it- 
self almost entirely to the continuities 
and stabilities of things and has neg- 
lected the singularities and instabilities. 
It may be that the latter are not subject 
to its method: it is certain that they 
have not been adequately treated. 
There seems little doubt that it is just 
this defect in science which has made it 
so impotent in the matter of human 
character: it can contribute but little 
directly to the establishment of the pro- 
founder virtues. It has great power and 
control with regard to material things, 
but it is still essentially without direct 


force in enhancing moral standards 
enlarging moral values. 

This generation must live now pri 
pally with the heritage which seie: 
and human experience have 
brought to it. With no apparent 
pose of science to turn in the direc: 
of investigating the discontinuities , 
instabilities of things, we must get 4] 
without the assistance which such st 
might render—help in the direction 
developing desirable traits of charact 
The material means now in the cont; 
of science offer little hope of being 
direct use in developing character, 1 
stimulation of hormone production, 
even the transference of hormones. 
wholly inadequate to the task. T 
are no means at present under the con- 
trol of science by which the needful 
spirit of kindliness may be engendered 
or increased. 

In the face of this fact one may 
inclined to pessimism and conclude t 


there is nothing that we can do to change 


the trend of evolutionary progress. If 


we are tending now to follow the exper 
ence of the Lost Race of Mars ther 
nothing which science can do to deve! 
new traits of character to keep us fron 
the inevitable end. 


Though we admit the inherent danger 


in our present situation and realiz 
keenly the need of a greater spirit 

kindliness, we do not believe that t! 
pessimistic conclusion is yet inevitabl 
We should still maintain this positio 


even though we should be convinced 


both that science has no present mea! 
of acting directly for building huma! 


character and that there is no prospect 


that science shall find such means. \\' 


believe that there are pathways to real 
ity which science not only has not trod 


den but can not even find—at least, that 


there are avenues to truth which can ! 
be approached by the methods to whi 
science has attained. If new method 


1S 


are found and they are incorporated in- 


to science, then of course the renewe 
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science may achieve such conquests as 
are now impossible to it. But we believe 
that there are pathways to reality which 


science can not now follow. 

It is along some of these lines that we 
must expect our present salvation. No 
amount of psychobiology or of bio- 
chemistry—good as these are as aids— 
ean carry us to the goal. I shall be so 
radical as to insist that we are in need 
of the cld-fashioned practice of medi- 
tating upon the nature of human charac- 
ter and of considering what sort of indi- 
viduals we must be if life is to be worth 
living. We must understand life by liv- 
ing it and by meditating upon its prob- 
lems. There is no doubt that our rea- 
soned interpretations of experience and 
our reasoned analysis of needs are in 
advance of our primitive inelinations. 
Is it demanding too much of what ap- 
pears to be a rational creature to ask 
him to meditate upon his reasoned con- 
clusions so fully and so deeply that he 
will be able te give them a place in con- 
duct in preference to the primitive in- 
clinations which he has inherited from 
his savage or even from his prehuman 
ancestors ? 

In our dispositions these primitive ele- 
ments still hold great sway, and they 
will certainly rule unless they are con- 
trolled by something more powerful. 
The urge to competition and rivalry is 
deep-seated in our nature. But if we see 
clearly, on reasoned analysis, that this is 


taking us towards the destruction of 


what we hold dear, then we should be 
able to create in ourselves a power suf- 
ficient to overcome this urge to rivalry. 
And this we can probably do by much 
meditation on our reasoned conclusions 
and on the values which make life worth 
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while. Let us develop a will to kind] 
ness. Is it too much to hope that such 
a thing is possible? 

There is no reason to think that all 
men, or even the majority of men, will 
realize the need of kindliness so fully as 
to turn to its cultivation. Many will 
think it impossible. Can the leopard 
change his spots? Can one by taking 
thought add to his stature? Can 
seize on the unstable moments of life and 
turn the seale of character by taking 
thought? A mechanistic or determinis 
tic science has thundered, No; and No 
Perhaps 


one 


has resounded over the earth. 
man is pitiable and helpless and des 
tined to destruction by the powerful 
tools of science which he has created and 
loosed upon himself. A significant part 
of the present generation has already 
gone in that way. Another prolonged 
world war would carry off a much larger 
portion of the whole population without 
discrimination of age or sex or condition 
The only salvation from it is the culti- 
vation of a widespread spirit of kindli- 
and And neither 
science nor ethies has found a 
foster it. Are we destined to perish 
like the Lost Race of Martians in the 
dream and leave the heritage of the 
earth to another race more kindly or less 
powerful than ourselves? Or, perhaps 
sadder yet, shall we allow our present 
civilization to perish and leave the earth 


ness cooperation. 


way To 


to a degenerate race of men still without 
kindliness but also without the ability 
to produce the destructive tools of sci- 
ence? Unless the will to kindliness 
springs up among us in new power, we 
are in danger of one of these alterna 
tives. 





RACE AND PSYCHOLOGY 


By Professor THOMAS R. GARTH 
UNIVERSITY OF DENVER 


You say of this man that he is as 
witty as an Irishman, of another you 
murmur that he is as eanny as a Scotch- 
man, while a third one is as stoical as 
any Indian. And if still another cer- 
tainly knows the retrieving possibilities 
of the American dollar he will be, in 
nine cases out of ten, say, a Hebrew. 
He might be a Hebrew of the Hebrews. 
Now again keep in mind the “‘fine Italian 
hand,’’ while I call attention to the fact 
that a sixth is as easy-going and com- 
municative as a real Negro unless, of 
course, he is as industrious and deeply 
silent as a ‘‘Chink.”’ 

Just now there is a great deal of dis 
cussion of this kind of thing. The psy- 


chologists who are only partly in on the 
discussion are accustomed to eall it by 
the name of ‘‘ Racial differences in men- 
tal traits.’’ If one listens in on the de- 
bate one would surmise that there is 
much disagreement among the individ- 


uals engaged in the discussion. And so 


there is in fact. 

The debaters divide themselves into 
two camps, as a matter of course. The 
members of one of these proceed on the 
assumption that there are really such 
racial differences, while the others insist 
that this assumption is taken without 
due evidence on which to base the as- 
sumption. The first group may yet be 
divided into two other groups—one bas- 
ing its conclusions either on merely tra- 
ditional notions of race or on more or 
less superficial, concrete somatic, or 
bodily dissimilarities and cultural differ- 
ences that may be actually observed, and 
for that matter upon pure race preju- 
dice; while the other either observes in 
a more or less careful way the facts of 
language, history, custom, racial accom- 


plishment according to some stand; 
or they may even make a scientific ex 
amination of these. We note here 
divisions of individuals as casual obser 
ers and scientific students. These divi. 
sions of individuals are likewise found 
the other or opposing camp composed 
those refusing to accept the evidence xs 
far obtained as conclusive. Many mem- 
bers of this latter group grant the possi- 
bility and even the probability of differ. 
ences and if convinced would certainly 
take a stand for the affirmative, being 
partially convinced by evidence not alto 
gether convincing. 

In this day, when the scientific method 
is the accepted method of procedure i 
all lines of investigation, little need by 
said in favor of the standpoint of th 
above-mentioned scientific groups whic! 
look thus to ascertaining the facts about 
race and psychology. However, wi 
ought to examine the approximations to 
a scientific standpoint before throwing 
them into the discard. All sciences of a 
social character, especially psycuologica! 
science and that is our final standpoint 
here, must be ‘‘cosmopolitan’’ toward 
the beliefs of men of the world. Psy- 
chology must be sympathetic at least to- 
ward all mental states, as it were tactful, 
because it is supposed to know and to 
understand just why men think as they 
do, for it deals with the very laws o! 
mental life. An intolerant psychologist 
would be a misnomer. At any rate, it 
would be interesting to try to find out, if 
time only permitted, why race prejudice 
is the rule and not the exception among 
the general run of people, why it is t 
‘‘popular’’ state of mind, of course 
granting that popular opinion is 
most unscientific way of looking at 
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things. To be brief, it is safe to say 
that race prejudice is the outcome, and 
, natural outcome, of the mind itself, if 
for no other reason than this—so many 
are afflicted with it. Moreover, there 
may just be some biological reason (psy- 
cho-biological) for the prejudice. At 
least it takes heroic resolution and will- 
power to overcome it, and it is grati- 
‘ying to think that in the face of such 
resolution it grows weaker. 

The foregoing remarks bring up for 
consideration, on the other hand, an un- 
popular attitude of mind not usually 
called seientifie that holds the opposite 
view, decidedly, from that of race preju- 
dice. Curtis says that Hiamovi, chief 
among the Cheyenne and Dakota Indi- 
ans, has expressed this attitude of mind 
in these words : 

There are birds of many colors—red, blue, 
green, yellow—yet all one bird. There are 
horses of many colors—brown, black, yellow, 
white—yet all one horse. So, cattle; so all 
living things—animals, flowers, trees. So men: 
in this land where once were only Indians are 
now men of every color—white, black, yellow, 
red—yet all cne people. 

Likewise we have: ‘‘There is neither 
Greek nor Jew, Barbarian, Scythian, 
bond nor free,’’ with its religious con- 
notation. 

In justice to the immediately fore- 
going paragraphs we may say that these 
attitudes of mind which we have desig- 
nated as ‘‘popular and unpopular’”’ long 
ago had taken up the problem which sci- 
ence and near-science have undertaken 
to solve to-day. 

But in its last analysis the problem of 
racial differences in mental traits re- 
solves itself into the task of proving em- 
pirieally differences in native traits, and 
we desire to place the emphasis here on 
the terms ‘‘empirically’’ and ‘‘native.’’ 
It must be remembered that until psy- 
chology became an experimental science 
it could not really claim any fellowship 
with the sciences, and so in the study 
of racial differences, unless we are going 
to give over the ground already gained, 
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the problem here in hand must be an em- 
pirical one. Again, racial mental differ- 
ences to be really racial must be differ- 
ences on account of innate tendencies 
laid down in different kinds of germ 
plasm. They can not be due to differ- 
ences in training and education. 

Many writers, in the absence of em- 
pirical evidence, have indulged in theo- 
rizing. Still this theorizing has been 
helpful in the main, though it was theo- 
rizing and not experimentation, for it 
has somewhat made clear the problem 
and it has in fact enabled the experi- 
menter to approach it more intelligently. 

We shall present now some of the theo- 
retical conclusions based on observation 
not really empirical. We can not give 
many because of lack of space and for 
that reason have selected rather repre- 
sentative samples. The first is rather 
striking. 

‘*To speak of the stability or the psy- 
chological fatality of peoples,’’ says 
Jean Finot, ‘‘is like one who would make 
believe that circles caused on the sur- 
face of the water by a falling stone re- 
tain their shape forever—the science of 
inequality is emphatically a science of 
white people. It is they who have in- 
vented it and set it going, who have 
maintained, cherished and propagated it, 
thanks to their observations and deduc- 
tions. Deeming themselves greater than 
men of other colors, they have elevated 
into superior qualities all the traits 
which are peculiar to themselves, com- 
mencing with whiteness of the skin and 
pliancy of the hair. But nothing proves 
these vaunted traits are traits of superi- 
ority—the history of civilization is only 
a come and go of people and races—all 
people evolve under the influence of ex- 
ternal factors; consequently, there are 
none predestined beforehand to be the 
masters or slaves of others, as there are 
none who are predestined to an eternal 
immobility! Virtue and vice in peoples 
are only the product of circumstances. 
Civilization, which intends to increase 





242 THE SCIENTIFIC MONTHLY 


and equalize the number of those which 
act in a uniform way towards all peoples, 
produces as direct results the increase of 
their similarities and the levelling of 
their differences.’’ In the course of his 
discussion, he speaks of the triumph of 
the milieu (environment) and the fail- 
ure of the psychology of peoples. 

Surely the reader will be aware of the 
immoderation of the writer; still to our 
way of thinking his point on the mo- 
bility of the races is a very important 
one if his language is ‘‘colorful.’’ 

As an advocate of differences in men- 
tal traits of peoples we quote from Gus- 
tave Le Bon in his book, ‘‘The Psychol- 
ogy of Peoples’’: 

The point that has remained most clearly 
fixed in my mind, after long journeys through 
the most varied countries, is that each people 
possesses a menta] constitution which is the 
source of its sentiments, thoughts, institutions, 
beliefs and arts ... . These are but the 
visible expressions of its invisible soul. The 
dream of equality would perhaps avail as much 
as the old illusions which cradled us in the 
past, were it not that it is destined to be 
shattered at an early date on the immovable 
rock of inequalities. Each race possesses a 
mental constitution as unvarying as its anatom- 
ical constitution. There seems to be no doubt 
that the former corresponds to a certain special 
structure of the brain, but as science is not 
sufficiently advanced as yet to acquaint us with 
its structure, we can not have recourse to it as 
a basis of classification. 

The contentions of this writer may 
thus be summarized: Races have souls 
varying within certain limits; are ar- 
ranged in hierarchies—as primitive, in- 
ferior, average and superior; have men- 
tal attitudes which are responsible for 
their institutions; experience such modi- 
fication as is responsible for the histori- 
cal evolution of the single race. 

If we take these two presentations of 
the opposite sides of the extremely theo- 
retical treatment of the situation with 
regard to racial mental differences, we 
find the essential points of disagreement 
to be just these: one believes that races 
are mobile (Finot), and the other be- 
lieves that they are static (Le Bon). 


Both would seem to agree that dif, 
ences are to be found, but one 4 
former, holds that these are only tem 

rary, and the latter that they ar 

nent differences. 

This seems to the writer to hy 
greatest problem that we have in | 
if there are differences, are they t; 
tory or permanent? But we mean ;: 
think only of innate differences y 
may be taking some liberties wit 
intentions of the above-mentioned 
ers. We shall speak of this at 
later. But we now cite the opinion 
Sir Francis Galton, the pioneer i: 
study of racial differences who is « 
tainly to be regarded as scientific, t] 
this expressed opinion must of necessity 
be speculative. It was Galton’s very def. 
nite conviction that there are differ 
to be found in the mentality of races 
to-day. For instance, he thought t 
the Athenian Greeks were as far al 
the present-day Europeans as thes: 
above Negroes. He accounts for the { 
of the Greek intelligence on the scale t 
its lowest level to amalgamation wit! 
less intelligent peoples. The superior 
Athenian Greek is to be regarded as t 
result of inbreeding of superior 
viduals from the Mediterranean cou 
tries, Grecian as well as otherwise, re- 
gardless of race. The present Grecia! 
product is to be looked upon as a result 
of outbreeding, in which all classes 
whether low or high, intellectually, | 
ticipated indiscriminately. Beyond 
doubt this may be considered an argu- 
ment in favor of mobility of races as a 
concept of genetics. 

We would cite next a statement 
Wilhelm Wundt, the father of exper 
mental psychology, as found in his ** Es 
ments of Folk Psychology,’’ which, whi! 
given with an experimentally scientif 
background, is of necessity theoretica 
He says: 


The intelligence of primitive man is indeed 
restricted to a marrow sphere of activi) 
Within this sphere, however, his intelligence 18 
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not noticeably inferior to that of civilized man. 
His morality is dependent upon the environ- 
ment in which he lives. 

Here again we find ‘‘the triumph of 
the milieu’’ as indicated by Finot. The 
point is further emphasized by Wundt 
when he speaks of stages of development 
of the different races and in which he 
positively believes, but these as products 
of environment, especially the social 
nedia of language, customs and religion. 

In order to agree with Wundt we 
should have to accept the statement that 
primitive minds are undeveloped minds 
only and that civilized minds are only 
nurtured minds, and that the ‘‘mind’”’ 
or brain is a static thing at least within 
the limits of history. Its original nature 
is constant, but nurture has modified 
this original nature in the life of each 
single individual. Because of the pres- 
tige of this writer this may be tempting 
us away from the original problem to be 
considered, %.¢., innate differences in 
mental traits. We do not believe that 
Wundt, if we read closely his discourse, 
means at all to imply that brains might 
not be changed by inbreeding and out- 
breeding. 

One of our leading anthropologists, 
Professor Franz Boas, is often cited as 
favoring the last-mentioned view, that is, 
the ‘‘innate equality of races.’’ But ac- 
cording to Lowie, a more careful exami- 
nation of his standpoint shows that he 
believes in ‘‘plasticity within strict 
limits and claims that all the essential 
traits of man are due primarily to 
heredity. ’’ 

It is now in order to say that such 
prominent geneticists as are represented 
by Professor Conklin, of Princeton, 
would teach that races are not static as 
biological groups but change by inbreed- 
ing and outbreeding, which processes are 
induced by the presence or the absence 
of barriers geographical or otherwise. 

Our examination of the problem so far 
leads us to think of races as not neces- 
sarily static mentally, but of races as 
possibly mobile, some rising, some fall- 
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ing, some trying to remain static but 
finding it difficult. To resort to Finot’s 
‘‘eolorful’’ language once more: 
are like ‘‘circles caused on the surface 
of the water. The character of a people 
is thus only a becoming. The qualities 
of our soul and its aspiration are fleet- 
ing, like clouds driven by the winds.”’ 

This all sounds poetic, but we can not 
resist pointing to a scientific principle 
underlying the whole thing, to wit, the 
principles of genetics especially in the 
light of the facts of inbreeding and out- 
breeding. And the pragmatic side of the 
problem is the improvement of what we 
have by the means of eugenics through 
education. No intelligent member of any 
race should stand for race equilibrium, 
but for race progress. 

Racial psychology is sometimes called 
mental anthropology, and the anthropol- 
ogist has a rightful interest in the mat- 
ter, however scientific procedure, and 
that is what we now need to discuss, in 
this field of investigation, calls for the 
activity of the experimental psycholo- 
gist who is continually measuring mental 
processes in one way or another. Inter- 
est in the field of racial difference in 
mental traits, therefore, has induced the 
scientific psychologist to come out of his 
laboratory with his technique and mea- 
sure mental processes of various races. 
In order to feel that his work has been 
sufficiently far-reaching he must measure 
large numbers of a given race, and this 
need has given rise to the use of group 
mental tests in distinction from the slow 
individual tests formerly used. While 
there has been much discussion of the 
virtues of intelligence tests by laymen, 
educationalists and scientific psycholo- 
gists there can be no doubt in the mind 
of the last mentioned that they have 
come to stay. To-day the question is not, 
shall they be discarded, but how to im- 
prove what we have. 
mental tests the psychologist is rather 
vigorously attacking the problem of 
racial difference in mentality. 


races 


So with the group 
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It is interesting to note that in the last 
eight years peoples of all colors have 
been thus studied and the work is going 
on. Because of their easy access Negroes 
in America have been more studied than 
any other racial sub-group ; however, the 
black man in Africa has been studied as 
well. The American Indian has been 
willing to submit himself to mental mea- 
surement. Tests standardized in America 
have been translated into the language 
of Chinese and Japanese and given by 
psychologists of those races to many of 
their fellow-countrymen in their own 
country and these races have been 
studied on American soil. At this mo- 
ment students of racial psychology may 
be found administering intelligence and 
psychological tests of various sorts in 
Hawaii, in Australia, in the Philippines 
and in India as well as in China and 
Japan. Immigrant and native born of 
immigrant parentage have been much 
studied in America. In the last eight 
years, 5,873 American Negroes, omitting 
those of the army draft tested with the 
Army Alpha, 2,032 American Indians, 
1,245 Chinese, 596 Japanese and 753 
Mexicans have been tested. 

As every one knows, the French psy- 
chologist, Alfred Binet, devised some 
time ago an individual intelligence test. 
This was followed by the group intelli- 
gence tests, particularly the army tests 
which test large groups at once. Since 
then most of all testing as above indi- 
eated has been done in groups and for 
the purpose of testing intelligence. Those 
studying race psychology have followed 
this lead, and most of the studies in 
racial psychology, especially in the last 
decade, have been on groups with the 
end in view of finding differences in in- 
telligence. However, there are other 
traits besides intelligence to be studied, 
such as racial temperament, musical ca- 
pacity, esthetics, memory process, fa- 
tiguability, ingenuity, and learning; not 
but what some of these traits are be- 
lieved to enter into the general concept 


of intelligence. If we may call tests for 
these latter traits just ‘‘ psychological 
tests’’ we can say that in the last eight 
years the ratio between activity in giv- 
ing the two sorts of tests, intelligence 
and psychological (meaning by the latter 
tests in esthetics, temperament, fatigue, 
ete.) is three to one in favor of the search 
for differences in intelligence. 

The last four years have marked the 
period of greatest activity known to race 
psychology. For instance, from 1917 to 
1920 inclusive fifteen studies of all sorts 
were made (on Negroes, in America and 
Africa, the American Indian, Chinese, 
Hindus) but from 1921 to 1924 inelu- 
sive sixty-one studies (on the above-men- 
tioned races and others besides) were 
made. 

Since the method used in making these 
studies is avowedly scientific the results 
must of necessity clear up a great deal 
that has been hazy with reference to 
ideas of racial differences in mental 
traits. True the measuring devices are 
not perfect ; still some valuable informa- 
tion is being gained. It would be inter- 
esting to note some of the findings so far 
obtained. In the studies of intelligence, 
then, if we take the average white man’s 
intelligent quotient (his I. Q.) as 100, 
these investigations show that the aver- 
age Chinese I. Q. so far found is around 
98 and 99. The Japanese are about the 
same, 98. The American Negro’s I. Q. 
is about 75; that of the northern being 
much better than that of the southern 
Negro. The Mexican I. Q. seem to be 
around 89 (but the group tested was 
small). 

Because of language difficulty and dif- 
ference in social status from the whites 
the approximate I. Q. for the American 
Indian seems to be still in doubt, but the 
mixed blood Indian was found to be 
somewhat more intelligent than the aver- 
age Mexican or full blood Indian. 

So much for the racial differences in 
intelligence. The results can not be 
taken as final, but they are interesting. 











The fact must not be overlooked that in 
ach racial group mentioned there are 
some individuals with high I. Q.’s, re- 
gardless of their race. For instance, it 
is interesting to note an occasional I. Q. 
of 135 among full blood Indians. 
Though the white race has many I. Q.’s 
higher than those of most of the colored 
races, no race has lower I. Q.’s than it. 
They all grovel in the dust of idiocy at 
the lower end of the intelligence scale, 
white, black, red men or yellow. Feeble- 
mindedness is no respecter of races. 
As to the results of the psychological 
tests it may be said that these show, 
using white norms as bases of compari- 
son (though the returns are not very far- 
reaching because of the small groups 
studied) interesting comparisons: In 
esthetics Indians are found to prefer the 
color red to all other colors, while whites 
prefer blue above all colors. Education 
of the Indian induces him to place blue 
first in preference, though he still holds 
red in high esteem. Not so with the 
white, whose education induces him to 
despise red more and more as he be- 
comes educated; and not only is this 
true of his regard for that bright color, 
for he, in fact, in contrast with the 
Indian, suppresses all liking for colors 
with increase of education, with the ex- 
ception of blue, which maintains its high 
esteem always. In mental fatigue the 
Plains Indians are able to hold out better 
than the whites or Negroes or even the 
Plateau Indian and the mixed blood 
Indian. The Negro is good in memory 
at first, but loses as he grows older. He 
learns less rapidly. His personality is 
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not as strong as that of the white. The 
Chinaman in a morality test was found 
to be more honest than Anglo-Saxons or 
Japanese taking the same test. 

It has been said that the white man’s 
intelligence tests are not fair to peoples 
speaking a foreign language and having 
different customs, unless exact equiva- 
lents can be found for them; and, what 
is more, some investigators claim that 
difference in social status of peoples in 
the same country, as in the case of Ne- 
groes or Indians or whites, may make a 
difference. For this reason, possibly the 
so-called psychological test is being used 
more than formerly, for here the afore- 
said differences in opportunity seem to 
operate less freely. 

However, regardless of what we have 
just said, it would appear that the re- 
sults obtained show tendencies that are 
significant and we have to conclude that 
these tend to be real differences, though 
they may be at present only roughly 
measured. 

Now the last point is this. If: we be- 
lieve in the mobility of races at least in 
a direction from the lower end of the 
seale to the higher, from inferiority to 
superiority, in mental traits, it behooves 
any race to look to the eugenics of 
the situation. By outbreeding a race 
may scatter inferiority indiscriminately 
among its future members; by inbreed- 
ing and selection for propagation of 
those regarded as superior it can move 
its average up toward relative superi- 
ority. This of course is made possible 


only if a race contains any superior 
members. 








LABORATORY METHODS OF ANALYZING 
SPECTRA, WITH APPLICATIONS TO 
ATOMIC STRUCTURE’ 


By Dr. ARTHUR S. KING 


SUPERINTENDENT OF PHYSICAL LABORATORY, MOUNT WILSON OBSERVATORY 


A SPECTRUM, in its broader sense, is to 
be considered as the analysis into its 
component frequencies of any sort of 
radiant energy, and in the scope of our 
modern knowledge it becomes a very in- 
clusive term. For the range of frequen- 
cies to be considered may begin with the 
gamma rays of radium, pass through 
X-rays, the ultra-violet, our visible light, 
heat rays beyond the red and the radia- 
tion of electric waves up to the radio 
waves several hundred meters long. A 
given source of radiation, however, usu- 
ally gives out frequencies extending over 
only a part of this possible range. Radio 
waves do not emit light or sensible heat. 
Bodies may be hot without giving out 
light. Our bright electric ares are not 
efficient sources of X-rays. So I will 
limit my talk this evening to the range 
of our visible light, with short extensions 
into the ultra-violet and infra-red, and 
speak of a very few of the problems in 
this field. 

Early studies of the spectrum were 
concerned chiefly with spectrum analy- 
sis, the identification of the chemical 
elements by means of their spectra. As 
this is the only means of finding out the 
composition of the sun and stars, the re- 
quirements of astronomy have played a 
large part in developing apparatus and 
methods of studying the spectrum. On 
the astronomical side, the elements com- 
posing the celestial bodies are now for 
the most part well determined, and com- 

1 Address delivered December 8, 1925, at the 
Carnegie Institution of Washington, Washing- 
ton, D. C. 
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paratively little in spectrum analysis, 
strictly speaking, remains to be done. A 
few lines in solar and stellar spectra 
have not yet been assigned to known ele- 
ments, but they are probably in most 
cases due to compounds or to radiating 
conditions which we have not yet imi- 
tated in the laboratory. On the labora- 
tory side, very extensive tables of wave- 
lengths are available for the spectra of 
known elements. Identification of the 
elements by this means is a simple mat- 
ter, and spectrum analysis may be made 
quantitative to a certain degree and used 
as a means of determining the amount of 
a given substance when mixed with 
others. This application may be of 
much value in industry. 

However, while the spectrum was 
being used to identify chemical elements, 
some features became evident which 
form the basis of the later science of 
spectroscopy. It was noted that the spec- 
trum of a given element, say calcium, 
altered its appearance when excited in 
different ways. Certain lines were ob- 
served to be strong in one source, while 
in a second source another set was 
stronger, and much interest was given to 
this phenomenon by the fact that astron- 
omers noted similar differences in celes- 
tial spectra. In one type of star certain 
lines of an element were strong, in an- 
other they were weak or absent. It was 
realized that when the cause of these dif- 
ferences was understood, the physical 
state of a star could be judged by its 
spectrum, when otherwise we knew noth- 
ing beyond its relative brightness and 

















To know what these dif- 
ferences might mean, we must find out 
how to produce in the laboratory the 
same sort of changes, and by controlling 
the conditions, discover the causes of the 
differences. And so a new department 
of spectroscopy developed, in which we 
took the known lines of an element and 
used them to indicate the state of the 
luminous vapor producing them. 

That we may understand our methods 
better, I will mention several of our 
standard sourees of light for spectrum 
study. Each of them has been used in a 
great variety of forms by different inves- 
tigators. The first is an ordinary Bun- 
sen flame which may be colored by vari- 
ous substances. We have the well- 
known yellow flame of sodium, the red of 
lithium, the green of copper, each of 
these colors being caused by certain 
strong lines in these regions of the spec- 


general color. 


trum. If a substance is vaporized in the 
electric are, many more lines appear. 


When titanium is thus vaporized, the 
brillianey of the are and lack of any 
decided color are due to the fact that a 
large number of lines of different wave- 
lengths from the red to the violet are 
being emitted. Now it was early ob- 
served that the lines strong in the flame 
are often not the most prominent lines 
in the are. The are shows many addi- 
tional lines and for some elements the 
lines given by the flame are relatively 
weak in the are. These flame lines are of 
much astrophysical interest. Some stars 
show only lines of this type, and in the 
early work at Mount Wilson it was 
shown that these lines are much strength- 
ened in sunspots. The flame is of lower 
temperature than the are, and if one ex- 
amines the outer, cooler vapors of the 
are it is found that these flame lines are 
given there. Can they be used as an in- 
diecation of low temperature? Chemical 
processes are taking place at a lively 
rate both in the flame and in the outer 
vapors of the are. If the flame lines are 
due to chemical action, they will not help 
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us in interpreting the stellar conditions, 
where almost any chemical reactions may 
be taking place. Again, if the 
modified in various ways, it is found that 
some groups of lines are brought out by 


are 18 


certain conditions and other lines remain 
unaffected. Is it a higher temperature 
or some obscure feature of the electric 
discharge which might not be duplicated 
in another light source such as a star? 
If we pass to the electric spark there is 
still more difficulty in assigning the ef- 
fects to temperature differences. For 
most elements, the spark gives a set of 
lines which the flame does not give at all 
and which are faint or absent in the are. 
These are called ‘‘enhanced lines.’’ 
While the spark does not heat its ter- 
minals as an are does, the extremely con- 
centrated, high-voltage discharge indi- 
cates a disturbance, which, if not tem- 
perature in the ordinary sense, would 
take a very high temperature to dupli- 
cate its action. types of stars 
which on other grounds are considered 
to have very high temperatures show 
spectra almost entirely of 
these enhanced lines. But astronomy of- 
fered some evidence which seemed con- 
tradictory. Observations during eclipses 
of the sun showed that the enhanced 
lines are emitted far out in space, in a 
relatively cool region of the sun’s at- 
mosphere. To explain this, Sir Norman 
Lockyer advanced the bold hypothesis 
that the enhanced lines are due to a 
modified form of our chemical elements 
which he called proto-iron, proto-cal- 
cium, ete. I will touch later on the re- 
cent explanation which to a considerable 
degree reconciles the apparent contradic- 
tions. 

The flame, are and spark are used to 
the 


Some 


consisting 


vaporize substances which are in 
solid or liquid state. Gases such as hy- 
drogen, oxygen, nitrogen, helium and 
the rare gases of the atmosphere are used 
at low pressure in glass or quartz tubes 
and excited by a spark discharge. The 
characteristic color results from the pre 





248 


dominance of strong lines in a certain 
region of the spectrum, and this color 
may sometimes be altered by changing 
the character of the discharge. 

From what I have said, it will be 
clear that we needed to know what 
agency, if any, was the controlling cause 
of the observed changes in spectra, if we 
are to use these observations to judge of 
the physical state of the sun and stars. 
We needed a source of light capable of 
temperature variation over a wide range, 
which would be as free as possible from 
chemical action such as occurs in flames 
and from the electric conditions of the 
are and spark, whose connection with 
temperature was not clear. 

An electric furnace was devised to 
fill this requirement. The method was 
to vaporize substances in a carbon tube, 
beginning with a temperature just suffi- 
cient to show a few lines, such as appear 
in a low temperature flame, and pro- 
ceeding by gradual steps as nearly as 
possible to the temperature of the electric 
are. Experiments of this sort have been 
earried on in the Pasadena laboratory 
of the Mount Wilson Observatory for a 
number of years. We have here a rep- 
lica, reduced in size but quite effective 
in operation, of the latest type of tube 
furnace in use in Pasadena. The sub- 
stance whose spectrum we wish to study 
is placed in a tube of Acheson graphite, 
a very pure carbon. The tube is held in 
water-cooled clamps, and a heavy cur- 
rent heats it to any desired temperature 
up to about 3,000° C. A water-jacket, 
surrounding the tube a little distance 
from it, carries away the surplus heat. 
The whole is enclosed by a hood, and 
when this is clamped on, the apparatus 
is pumped out and operated in vacuum. 
The light passes to the spectroscope 
through one of the windows in the hood, 
while through the other window the 
temperature of the tube may be closely 
measured by an optical pyrometer. 

Before discussing the work in which 
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the larger furnace of this type has been 
most used, I will speak of a few of its 
special uses. While the spectra usually 
consist of bright lines, dark absorption 
lines may be obtained similar to the 
Fraunhofer lines of the solar spectrum, 
by passing a beam of white light, per- 
haps from a brilliant tungsten lamp, 
through the tube when the furnace is 
heated to a known temperature. If we 
wish to study the spectra of compounds, 
which occur in the cooler stars, a gas 
such as oxygen, hydrogen or nitrogen 
may be passed through the tube in 
which a metal is being vaporized, and 
the spectrum of the oxide, hydride or 
nitride observed. The change from the 
line spectrum of the metallic atom to 
the band spectrum of the compound 
molecule is then seen. High pressure of 
the gas inside the chamber results in a 
change of wave-length of the spectrum 
lines. This has been studied with a 
thick-walled furnace and the lines are 
displaced from their regular positions. 
The refraction of hot vapors, which has 
been advanced as the cause of some solar 
phenomena, is another field in which the 
furnace has been useful. These anoma- 
lous dispersion effects have been ob- 
served for a variety of elements. 

We will now turn to the chief use of 
the furnace, the study of metallic spectra 
at known temperatures. The tube being 
charged with the metal or salt to be 
studied, a temperature is first used just 
high enough to vaporize the substance 
and produce a small number of lines. 
These low-temperature lines are of spe- 
cial interest as criteria of reduced tem- 
perature in celestial spectra and are 
fundamental in studies of atomic rela- 
tions based on the spectral characteris- 
tics. Higher temperatures of the fur- 
nace bring out other groups of lines, 
until at the highest temperatures regu- 
larly used, from 2,500° to 3,000° C., 
nearly all lines appear which are present 
in the are spectrum, but the relative in- 














ANALYZING SPECTRA 


tensities are quite different. Some of 
the low-temperature lines undergo little 
change at higher temperatures and in 
the are, indicating that the proportion 
of atoms which can emit these lines is 
not materially increased at higher tem- 
peratures. Other lines gain in intensity 
at higher temperatures and are very 
much strengthened in the are. Still 
others appear first at medium tempera- 
ture and strengthen rapidly, and others 
require the highest temperature. Some 
strong furnace lines are distinctly weak- 
ened in the are. This is an interesting 
type of which a few lines appear in most 
spectra, and it is found in general that 
a certain range of excitation is most 
favorable for the production of lines of 
a given type. The range of tempera- 
ture available with the furnace is such 
that the most favorable excitation for a 
given set of lines may be found. This 
is true even for metals of high melting 
points, such as titanium and vanadium. 
These elements, prominent in solar and 
stellar spectra, give no lines below 
1,900° C., but with the range of tem- 
perature available in the furnace, the 
full variation of lines up to the are can 
be brought out. 

' We are dealing chiefly, in these fur- 
nace and are spectra, with the radiation 
of the neutral atom, that is, with an 
atom which has a central positive charge 
of a certain value, and around this posi- 
tive nucleus a number of electrons whose 
total negative charges are equal to the 
positive charge of the nucleus. It is 
possible, however, under conditions of 
high excitation, both in our laboratory 
sources and in the stars, to displace one 
of these electrons beyond the attractive 
force of the positive nucleus, and we 
have what is called an ionized atom. 
Our atom is no longer in electrical equi- 
librium, and it gives out an entirely dif- 
ferent spectrum consisting of the en- 
hanced or spark lines which I have 
mentioned. Judged by its radiation, 
this ionized atom is a different element 


~49 
from that which we have before the 
electron was knocked off. Sir Norman 
Lockyer was right when he spoke of 
‘**proto-elements’’ as giving these en- 
hanced lines in very hot stars and in the 
solar chromosphere, though it was only 
after his death that the manner of pro- 
duction of these lines became fairly 
clear. For a large number of our chem- 
ical elements we know the ‘‘ionization 
potential,’’ the number of volts which 
gives energy enough to separate an 
electron from the atom which has bound 
it. There are large differences, ranging 
from 3.88 volts for caesium to 24.4 volts 
for helium. This energy is analogous to 
heat of vaporization, the energy which 
must be applied to a liquid to change it 
to a gas, and after supplying this atomic 
heat of vaporization we get an electron 
gas, a perfect gas, to which the laws of 
thermodynamics may be applied. Saha 
has shown that in the production of this 
electron gas reduced pressure plays a 
large part, as well as high temperature, 
which is the key to the fact that in the 
outer vapors of the sun as they extend 
into space the lines of the ionized atom 
are relatively strong. In the laboratory, 
a source under reduced pressure, such as 
an are in a vacuum chamber, gives also 
the ionized spectrum. 

Ionization need not end sepa- 
rating one electron. A third 
and for chlorine up to the sixth may 
be knocked off, and we get in each case 
what is essentially a different element, 
emitting a new spectrum. Since the 
atomic number of an element indicates 
the number of electrons distributed 
about the nucleus, it that Na 
(11) should have the same number of 
electrons ionized Mg (12), 
doubly ionized Al (13), and trebly ion- 
ized Si (14). This need not mean that 
they are the same elements, since the 


with 


second. 


follows 


as singly 


nucleus may be different, as well as the 
arrangement of the remaining electrons, 
but the arrangement of the spectrum 
lines has been found to be very similar 
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for the elements in these states, and the 
resemblance has been followed by means 
of this ‘‘displacement law’’ as far as Cl 
(17) which when it has lost six electrons 
has a spectrum resembling neutral Na 
(11). It follows from this that the loss 
of one electron in a spark discharge gives 
in general a spectrum resembling the are 
spectrum of the element of one less 
atomic number. This relation has been 
verified for many elements. 

Let us now consider what happens 
when spectral lines are emitted by a hot 
vapor, and what these lines tell us about 
the atoms of that vapor. Without 
taking up the very ingenious atomic 
models, which are necessarily hypothet- 
ical, we can base what is necessary for 
our present purpose on a few quite self- 
evident facts. A vapor is rendered 
luminous as a result of receiving energy 
from its surroundings, as when it is 
heated in the furnace tube or in the 
electric are. The energy which it re- 
ceives is given out as radiation of a 
certain wave-length. The atom has 
taken up energy and then given it out, 
and we speak of it as having passed from 
one stationary state to another, and 
since the atom has different amounts of 
energy in the two conditions, we speak 
of these states as energy levels. 

From the first it has been quite evi- 
dent that some lines require much less 
energy to excite them than others. 
These are the low temperature lines, 
and in connection with recent atomic 
theory, we designate them as of low 
energy level. Lines requiring higher 
temperature belong to higher energy 
levels. It is thus evident that the dis- 
tinct grouping given by successive tem- 
peratures of the furnace indicates the 
relative energy levels to which these 
lines belong. 

During the past few years, great ad- 
vances have been made in the study of 
regularities in spectra. Lines in the 
same region of the spectrum and groups 
of similar type in different regions are 


found to be connected by very definite 
numerical relations and form what is 
known as spectral series. These arrange- 
ments of lines are connected with the 
properties of the elements in a way as 
yet imperfectly understood. For a 
number of years the classification of 
lines by means of the furnace has been 
of much assistance in sorting out groups 
of similar type for arrangement in series. 
Up to a very few years ago, spectra such 
as iron, chromium or titanium gave the 
troubles of an embarrassment of riches; 
but groups were found, having some- 
times up to fifteen lines, which appeared 
at a certain temperature of the furnace 
and were exactly similar, in arrange- 
ment of their lines, to other groups ap- 
pearing at the same temperature in other 
parts of the spectrum. The multitude 
of lines appearing in the are were thus 
divided into small groups which ob- 
viously arose from the same conditions 
of the atom, furnishing an additional 
method very useful in making the spec- 
trum indicate atomic states. 

If we compare the are and spark spec- 
tra of iron, we find that the spark 
consists largely of the lines of the ionized 
atom, as in the spectra of the hotter 
stars, while the are lines of the neutral 
atom have for the most part disappeared. 
However, enough ionization exists in the 
are to emit the stronger enhanced lines; 
also some neutral atoms persist in the 
spark and show the stronger are lines. 
By varying the spark conditions, the en- 
hanced lines can be weakened and the 
spectrum gradually changed into that of 
the are. Elements differ greatly in the 
energy required to ionize their atoms, 
and some, such as calcium, strontium 
and barium, show the spectrum of the 


‘jonized atom at very moderate tempera- 


ture of the furnace. The spectrum of 
vanadium for three temperatures of the 
furnace, also of the are and the spark, 
may be used to illustrate the changes 
with inereasing excitation. A great num- 
ber of lines are given in the spectrum of 

















the are. It was regarded as hopeless to 
sort this mass of lines into groups aris- 
ing from different states of the atom, 
but the furnace does this quite effec- 
tively. At 2,000° we have several of the 
multiplet groups whose lines are con- 
nected by definite numerical relations. 
At 2,300° and 2,600° the spectrum be- 
comes steadily richer by the addition of 
groups of lines from other atomic condi- 
tions which require more energy to give 
radiation. In the spectrum of the spark, 
the principal furnace lines have largely 
disappeared. The stronger lines are 
those of the ionized atom, but some of 
these are present also in the furnace as 
low as 2,300°, increasing rapidly in 
strength through the are into the spark. 
We thus see that the change is a continu- 
ous one, as the excitation increases, from 
the low-temperature furnace correspond- 
ing to the flame spectrum, up to the 
spark, corresponding to the spectra of 
the hotter stars, where the temperature 
is so high that the atoms are largely ion- 
ized. The various types of stellar spec- 
tra illustrate this gradation. The hotter 
stars show the lines of hydrogen and the 
spark lines of the metals, those of type 
similar to the sun show the are and high- 
temperature furnace lines, the predomi- 
nance of low-temperature lines and the 
band spectra of compounds distinguish 
the cooler stars. If we compare the spec- 
trum of a sunspot with that of the solar 
disk, we find that the lines strengthened 
in the spot are invariably those given at 
low temperature in the furnace. Those 
weakened are usually those of the ion- 
ized atom. These phenomena, together 
with the presence of bands due to mole- 
cules, have established the low tempera- 
ture of sunspots. 

There are many high-temperature 
lines, given rather faintly by the are and 
by the high-temperature furnace, which 
belong to the neutral atom and for which 
we need a greater concentration of elec- 
trie energy to show their variations and 
group them as we have the other lines. 


ANALYZING SPECTRA 
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This may be obtained by ares using very 
powertul currents, in which I have re- 
cently examined the spectra of a number 
of elements. <A current of 1,000 amperes 
or more is used in an are between small 
rods of the metal. The are is a blinding 
flash, lasting a fraction of a second be- 
fore the terminals burn so far apart that 
the are breaks. Pictures made with a 
rotating mirror camera show the are to 
be a thin spiral between the terminals. 
The high concentration of energy when 
this constricted spiral of iron vapor car- 
ries 1,000 amperes indicates a great dif- 
ference from the quietly burning are, 
carrying some 5 amperes. The spectrum 
shows the results of this concentrated 
energy. The lines strengthened in the 
high-current are are high-temperature 
lines which neither the furnace nor the 
ordinary are gives strongly enough to 
show their characteristics. In the high- 
current are they strengthen to different 
degrees, widen some toward the violet, 
others to the red, so that it is possible to 
group these difficult lines according to 
their structure and degree of strengthen- 
ing. Low-temperature lines not 
strong in this are. The lines greatly 
strengthened are faint and difficult in 
our ordinary sources. A very interesting 
feature is that lines are often shifted in 
position, their wave-length being changed 
from that of the ordinary are. Further 
investigation will probably show this is 
due to the electric forces of neighboring 
atoms, closely packed and under high ex- 
citation. Another source of 
trical energy, in which currents in the 


are 


great elec 
thousands of amperes act for a few mil 
lionths of a second, are the wire explo- 
sions, which have been studied by Dr. 
Anderson. In these experiments a large 
condenser, of about 10 microfarads, dis- 
charges through a thin metal wire. The 
temperature of the these ex- 
plosions, estimated by two or three dif- 
ferent methods, is of the order of 20,000 
C., not so high as probably exists in very 
powerful spark discharges, but having 


vapor in 
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the advantage that a temperature in this 
high range can be measured and the 
corresponding spectrum observed. As 
related to other sources, the relative in- 
tensities of the spectrum lines are simi- 
lar to those of the high-current are, as 
would be expected from the great con- 
centration of energy, but the extension 
into the ultra-violet and the stronger ion- 
ization indicates a closer approach to the 
conditions of the condensed spark. 

In the laboratory light sources which 
I have described, the spectrum of the 
neutral atom may be studied through in- 
creasing furnace temperatures and 
reaches its full development in the high- 
current are and exploded wires. That of 
the ionized atom usually appears to some 
extent in the furnace, develops along 
with the neutral atom radiation in fur- 
nace and are until in the condensed 
spark the ionized atom gives practically 
the whole spectrum. A still higher stage 
appears when a spark is made to pass in 
a very high vacuum. Other electrons 
may then be torn off, and multiple 
ionization takes place. 

I will indicate, for the sources in 


which the neutral and singly ionized 
atoms are active, how we may arrive at 
approximate temperatures for each of 
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these stages. The temperatures of the 
furnace, up to about 3,000° C., may be 
closely measured with a pyrometer. Ex- 
trapolation is now needed for the tem- 
perature of the ordinary are, and the 
other sources are a long step beyond. 
However, we have seen that the temper- 
ature of the wire explosions is approxi- 
mately known. These explosions may be 
modified, by adjustment of circuit condi- 
tions, to approach more closely the spec- 
trum of the are on the one side and the 
spark on the other and the correspond- 
ing temperatures may be measured. We 
shall then know to a fair approximation 
the temperature indicated by a given 
type of spectrum, and the type of stellar 
spectrum will then tell more closely than 
at present the temperature of a star. 

I have tried to give some of the prob- 
lems and show some of the progress by 
the use of high temperatures in making 
the spectrum more fully an indicator of 
atomie conditions. While the work is 
only fairly started, it is a gratification to 
note that when physicists or astronomers 
come together there are many points 
which a few years ago invariably pro- 
voked an argument that are now consid- 
ered as settled and accepted as a matter 
of course. 
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THE astronomer is often asked what 
evidence there is of dark stars or plan- 
ets revolving about the bright stars that 
we see in the sky. Perhaps the best 
proof of the existence of such attendant 
bodies is given by the spectroscope in the 
application of the so-called Doppler 
principle. Any one who has sat in a 
stationary train while locomotives were 
switching to and fro in the neighborhood 
will perhaps remember the sudden 
change in the pitch of an engine bell as 
it passes by on an adjoining track. 
While approaching, the bell has a cer- 
tain pitch, but after passing the observer 
the bell suffers a distinct lowering of 
This phenomenon is 


pitch as it recedes. 
readily explained by taking into account 


the velocity of sound. With an ap- 
proaching locomotive the observer gets 
more vibrations per second due to the 
velocity of the engine being added to 
that of the sound, while when the engine 
is receding fewer vibrations are received 
and the pitch is lowered. This same 
principle applied to light vibrations gives 
the possibility of determining the speed 
of the stars to or from the earth by 
measuring the exact color or wave- 
length, as it is called, of the lines in the 
spectrum of the star. Violet light cor- 
responds to high pitch, red light to low 
piteh. It is thus figuratively true that 
each star has a pitch indicator which 
when compared with a standard light in 
the observatory will give at once the 
speed of the celestial object to or from 
us in miles per second. 

1 Broadcast from Station WCAP, Washing- 
ton, D. C., under the auspices of the National 
Research Council and Science Service and the 
direction of W. E. Tisdale. 
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Many of the large telescopes of the 
world are used in the application of the 
Doppler principle to the measurement of 
the speed of stars, and one of the out- 
comes of this work has been the discovery 
of so-called spectroscopic binary stars. 
It is found that a large proportion, as 
many as one fourth or one third of cer- 
tain classes of stars, undergo periodic 
changes in velocity in the course of only 
a few days. At one time a star may be 
leaving us at fifty or even one hundred 
miles a second, while within two or three 
days the same object is found to be ap- 
proaching at a similar rate, the simple 
explanation being that the star is in 
motion about the center of gravity of it- 
self and some large companion. Also 
there have been found objects in the sky 
where at times the lines of the spectrum 
are doubled, showing that the star is at 
the same time both receding from us and 
approaching toward us, a phenomenon 
which can be due only to the motion of 
two separate bodies about the common 
center of mass. The first discovered 
twin object of this character was the 
bright star Mizar in the middle of the 
handle of the Big Dipper, whose duplic- 
ity, with a period of twenty days, was 
detected at the Harvard Observatory 
over thirty years ago. Of well-known 
bright stars, Capella in the northern sky 
is composed of two slightly unequal 
components with a period of revolution 
of about one hundred days. There are 
many other stars visible to the naked eye 
which have large companions with short 
periods. 

In general it has been found that 
white stars are likely to have short peri- 
ods, even as short as about one day; 





254 


yellow stars have periods not quite so 
short, perhaps down to ten days, while 
the red stars as a class are generally 
single bodies. The components of these 
short-period systems are far too close 
together to be detected by direct vision 
through the telescope, and it is only 
when the period is as long as several 
years and the system is relatively near 
to us that the companion body may be 
seen. It is the advantage of the spectro- 
scopic method that the closer two stars 
are together the more rapidly do they 
move, and hence the more readily are 
they detected. 

With many double stars of this sort 
in the sky, we should expect a certain 
number to have orbits at just the angles 
required for one body to pass in front 
of the other and cause an eclipse similar 
to that of the sun by the moon. Obser- 
vation shows that there are many such 
eclipsing systems. The best example is 
the well-known star Algol, which nor- 
mally is about as bright as the Pole Star, 
but at intervals of sixty-nine hours— 
three hours less than three days—it loses 
about two thirds of its light during the 
course of five hours, and then in five 
hours more comes back to normal. This 
eclipse repeats itself regularly, and has 
been observed for over a century, so that 
we now know the period of revolution of 
the satellite to within perhaps a second 
of time. It may also be noted that when 
the fainter component goes behind the 
bright star there is a second eclipse 
amounting to about 6 per cent. of the 
total light, showing that the so-called 
companion is not dark but about one 
tenth as bright as the main star. 

Inasmuch as Mercury, the nearest 
planet to the sun, requires eighty-eight 
days for its revolution, it was a long 
time before astronomers could be con- 
vineed of a dark star large enough to 
eut off two thirds of the light of the pri- 
mary, and which would be so close as to 
revolve in three days. However, other 


shorter periods, even down to one day, 
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have been found, and the spectroscopic 
determinations of the motions agree 
completely with the eclipse theory. 

One of the recent advances in stellar 
photometry has been the measurement of 
these small changes of light of eclipsing 
stars. As the eye is ordinarily insensi- 
tive to changes of say 5 or 10 per cent., 
some improvement upon visual observa- 
tion is necessary. This has been made 
possible by the photoelectric cell, which 
is a device for transforming light re- 
ceived into an electric current. Physi- 
cists have known for a long time that a 
fresh and clean metallic surface will 
liberate electrons under the influence of 
light, and the photoelectric cell is a 
means for intensifying this effect. An 
alkali metal, such as sodium or potas- 
sium, is deposited on one side of a glass 
bulb much like an ordinary incandescent 
lamp. This is filled with an inert gas 
such as helium or argon, and when con- 
nected in a proper electrical circuit a 
measurable current is produced by ex- 
posure of the cell to light. 

It is interesting to note how far pure 
science has been ahead of applied science 
when we consider that these photoelectric 
cells have been used for experiments in 
the physics laboratory for over thirty 
years and that for a dozen years they 
have been applied to measurements of 
the light of stars, but it is only within 
the last two or three years that they have 
been used in what might be called prac- 
tical applications, such as long distance 
transmission of photographs over wires 
or by radio. 

For measuring the light of stars. a 
photoelectric cell is placed in a box with 
a small diaphragm at the focus of a tele- 
scope so that the light from only one 
star at a time can affect the cell. The 
cell is connected with a delicate elec- 
trometer, and the observer, after having 
set the telescope on the proper star, ob- 
serves in a microscope the motion of a 
fine wire across the field of view. The 
brighter the star, the greater is the elee- 
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trical current, and hence the more rapid 
the motion of the wire of the electrom- 
eter. The observer notes by means of 
an ordinary stopwatch the time required 
for the wire to move between two divi- 
sions of a scale and thus measures the 
light of the stars in much the same way 
as he would record the start and finish 
of a foot race. 

Because of variations in the clearness 
of the earth’s atmosphere, it is necessary 
to compare one star with one or more 
others close by in the sky. Sometimes it 
happens that the suspected variable star 
turns out to be constant in light while 
the standard star does the varying. Our 
sun itself is known to be an irregularly 
variable star, changing in the amount of 
light and heat sent to the earth by sev- 
eral per cent., sometimes as much as 5 
per cent. within a few days or a week, 
but on the whole most of the objects in 
the sky are found to be reasonably con- 
stant, that is, within 1 or 2 per cent. for 
long periods of time. 

In searching for eclipsing stars among 
the known spectroscopic doubles, it is 
found that eclipses to the amount of 50 
per cent. or more are unasual, but there 
are frequent partial eclipses of 10 per 
cent. or less. The whitest stars, the so- 
ealled helium or blue-white stars, like 
those in the constellation of Orion, are 
most likely to have large companions 
which will produce eclipses. In fact, if 
we take those which are known in ad- 
vanee to be favorable in this class of 
stars, it is found that more than half 
actually do show eclipses. Of stars not 
quite so hot, those of the color of Sirius, 
about one third have shown eclipses. 
This means that in the second class the 
companion stars are relatively smaller 
and farther away from the primaries. 
Of the cooler yellow stars, like the sun 
and the red stars, very few indeed have 
periods as short as ten days or two weeks, 
and of these practically none have been 
found to show eclipses. The conclusion 
from this is that the components of white 


double stars are large as compared with 
the distance between them, sometimes the 
objects being almost in contact, whereas 
in the yellow and red stars the compan- 
ions are farther away, smaller and more 
condensed. 

Any one familiar with the appearance 
of the sky at all knows the seven stars 
of Ursa Major, or the Big Dipper, as it 
is called. It would seem a peculiar coin- 
cidence if as many stars as this of about 
the same brightness should happen to be 
in the same direction from us, and it 
turns out that five of the stars have mo- 
tions parallel with each other in space. 
The star in the bow] of the Dipper, near- 
est the pole, and the one in the end of 
the handle do not share in this motion, 
but the others are moving together in 
parallel lines, although the distance be- 
tween any two of them is as great as the 
distance between the sun and some of our 
nearer neighbors. What is more striking 
about this Ursa Major group, however, 
is that distributed around the sky are 
some twenty other objects, all of which 
are moving parallel to the bright stars 
in the Dipper. One of the members of 
this extended group is Sirius, the bright- 
est star in our sky. The ancients drew 
a large bear in the northern and a large 
dog in the southern sky. Now that 
Sirius belongs to the Bear we may say 
that the Great Dog has part of the 
Bear’s tail in his mouth. 

Two of the members of the Ursa Major 
group have been found to be eclipsing 
variable stars, and a detailed study of 


these gives us probably an indication of 


the characteristics of the other stars. 
The first one is Beta Aurigae, a second 
magnitude star near Capella. This is 
shown by the spectroscope to be a twin 
system with component moving 
about one hundred per 
around the center of mass in a period of 
four days. During six hours of the 
revolution, one body is in front of the 
other, producing an eclipse of some 7 
Since we know how fast the 


each 


miles second 


per cent. 
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stars are going, we have the distance one 
body must move to pass in front of the 
other component; thus the combination 
of the spectroscopic and photometric 
measures gives the diameter in miles of 
each star and their distance apart. It is 
found that each component is two and 
one half times as heavy as the sun, and 
about two and one half times the diame- 
ter, giving a density of about one seventh 
on the solar standard. From the ap- 
parent brightness and measured distance 
of this system, we also have found that 
each component gives one hundred times 
as much light as the sun, or two hundred 
times for both. Truly this is a giant 
system. 

The other eclipsing star, Alpha 
Coronae, the brightest star in the North- 
ern Crown, has a companion with a 
period of seventeen days, but the time of 
eclipse is only twelve hours. In the same 
manner as for Beta Aurigae, it is found 
that the main star has three times the 
mass and over twice the diameter of the 
sun. The companion, however, is prac- 
tically a dark body, somewhat smaller 
than the sun, and is found to be nearly 
four times as dense as the sun or about 
equal in density to the earth. Until re- 
cently this would have been called a very 
dense heavenly body, as when we stand 
on terra firma it turns out that we have 
chosen one of the heaviest bodies for its 
size known anywhere in the universe. 
However, recent developments have 
shown the existence of far heavier stars, 
which exist as attendant bodies, and one 
of these is the companion of Sirius. 

In a series of brilliant theoretical in- 
vestigations, the English astronomer 
Eddington has shown that the central 
regions of stars, whether they be ap- 
parently white and hot on the surface or 
red and relatively cool, are probably at 
a temperature in the interior well up into 
the millions of degrees. He has also 
shown that at these extraordinary tem- 
peratures we may expect the material to 


act as a perfect gas long after it » 
be compressed into a liquid or solid 
der ordinary conditions. The cente, 
gravity of Sirius and its companion ea; 
be located, and it is found that the brig}; 
star is two and one half times as heay 
as the sun, while the companion 
about four fifths of the solar mass. On 
the other hand, this companion gives 
only one ten-thousandth as much light as 
the bright star, but nevertheless its sur. 
face is white hot, much more brilliant 
than the sun. There seems no escap 
from the conclusion, then, that this is a 
very small body and it has a diamete: 
about one thirty-fifth that of the sun, or 
about the size of Uranus. Further ob- 
servations with the great telescope at Mt 
Wilson have ~ verified Eddington’s 
theory, and it turns out that the material 
of this companion must average about 
fifty thousand times the density of water 
Such a weight per unit of volume is far 
beyond anything in direct human experi- 
ence. <A pint of the material would 
weigh twenty-five tons. A man could 
not even support as much as a ring of it 
around his finger. Things are far mor 
exaggerated when we consider the condi- 
tions on the surface of such a star. On 
the earth, if one throws a ball out of the 
window it will fall sixteen feet the first 
second. On the companion of Sirius, 
such a hypothetical projectile would 
drop towards the center of the body no 
less than one hundred miles in the first 
second. In fact, we must revise all our 
notions of the properties of matter when 
we consider what may happen at a tem- 
perature of some millions of degrees. 
Since all the stars of the Ursa Major 

group are much alike in color, it is prob- 
able that Sirius and the two eclipsing 
stars we have mentioned are fair sam- 
ples of the general system. At any rate, 
whenever we look up at the Big Dipper, 
we can say with Shakespeare : 

At first I did adore a twinkling star, 

But now I worship a celestial sun. 
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SYNTHETIC RUBBER 


By H. E. HOWE 


EDITOR, NDUSTRI 


Fox almost twenty years the question 
. etic rubber has periodically come 

surface, only to be again sub- 
ved by circumstances, the chief factor 
which has been cheap natural rubber. 
In 1912 at the International Congress of 
Applied Chemistry in New York the offi- 
al representative of the German Em 
pire displayed among other articles used 
to emphasize German contributions to 
ndustry a set of automobile tires com- 
nosed of synthetic rubber. 
were said to have run some four thou- 
sand miles, but there was ho way of 


checking this statement and some doubt 


These tires 


has since been expressed as to whether 
they were composed wholly of synthetic 
rubber. The lecturer admitted that the 
diffeulties to be overcome before the 
process could be commercial were very 
numerous, but promised that science 
would not give up until victory had 
been won. 

Since 1912 crude rubber from the 
plantations has occasionally sold at very 
low prices, has occasionally attained very 
high prices, but until recently has been 
maintained at such a price level as to 
make the development of synthetie rub- 
ber unattractive. 

It is not surprising to find a wide in- 
terest in the possibility of synthetie rub- 
ber. It has already been demonstrated 
in the case of many complex substances 
such as indigo, glandular principles for 
medicinal use, one of the popular flavor- 
ing extracts, and the fixation of atmos- 
pherie nitrogen—to mention but a few 
examples—that science through the re- 
search laboratory can produce materials 
that really duplicate those of nature, or 
if not complete duplicates, then articles 
which supplement the supply of nature 
or which ean be used in their stead. 
What is there about rubber which should 
make it less possible to produce it in the 


1LL AND ENGINEERING 


laboratory than to make some These 
other articles that are of everyday com 
mercial acquaintanes 

To begin with, it must be realized that 
rubber is a complex substances lt is a 
number of unique characteristics It is 
very plastic before it is vuleanized, and 
after vuleanization it has remarkable 
elastic properties and high resistance to 
abrasion. It is not the rubber hydroecat 
bons themselves that present the great 
est difficulty, but the nature of the rub 
ber particles. The latex which comes 
from the rubber tree is a liquid, perhaps 
a colloidal solution of a mixture of three 
or four hydrocarbons with non-rubber 
In the 


process ot coagulating the latex th pre 


substances, principally proteins 


cipitated rubber particles are probably 
surrounded by a thin film of the proteins 
or other non-rubber substances. This 
arrangement seems to be the same in all 
particles, and the exact duplication of 
such a system is unquestionably very 
difficult. We repeat ‘‘diffieult’’ and 
avoid using the word ‘‘impossible,’’ be 
cause many things have been done in the 
ly 


research laboratory which were free 
characterized, even by the devotees of 
science, as impossible. 

During the war a material called syn 
thetie rubber was produced in Germany 
from acetone, but nothing is known of 
the vield or the cost. The quantity is 
believed to have been about forty tons 
per month, but this material was satis- 
factory only for hard rubber articles. 
When you consider the proportion of 
manufactured rubber goods that are sold 
in the form of hard rubber; you will 
realize that a material suitable only for 
such articles can not be considered a real 
Not only 


was this material lacking in elasticity but 


substitute for crude rubber. 


was also very short-lived. 
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It has been known for many years that 
when erude rubber is subjected to de- 
structive distillation a compound ealled 
isoprene is obtained and that this same 
material results when turpentine is given 
the same treatment. It was but natural 
then to give turpentine serious considera- 
tion as the starting point in the produc- 
tion of isoprene from which crude rubber 
could be made. Work along this line has 
not been successful because of low yields. 
Furthermore, it has become more and 
more evident that the use of turpentine 
is unsound economically, for if the syn- 
thesis were successful the supplies of raw 
material would be wholly inadequate. 
Attention was turned to other materials, 
including the family of olefins and diole- 
fins obtained from petroleum and chemi- 
eal compounds that could be derived 
from coal tar and from stareh. The early 
workers disearded petroleum as a source 
of raw material, while coal tar was 
favored in Germany, and stareh in En- 
gland. More lately petroleum has re- 
ceived the attention of American 
chemists. 

Without going into technical detail it 
may be said that much research is in 
progress along these threé lines. There 
is no doubt about the diffieulty of the 
work in hand, for after the parent 
hydroearbon has been selected and pro- 
duced on a commercial seale, the scien- 
tist is still confronted with the further 
and distinct operation of causing that 
hydrocarbon to polymerize, that is, build 
up a large complex molecule from many 
smaller and more simple ones. Isoprene 
and methyl isoprene will polymerize 
upon standing at atmospheric tempera- 
ture, but the reaction takes place very 
slowly and the yields are low. If the 
temperature is maintained at 60° C. 
polymerization takes place in from four 
to six months. Various materials have 
been tried to assist or to hasten this 
action. 

While synthetie rubber is not an item 
of commerce to-day and probably is pro- 


duced nowhere except on ar 
mental basis, it has been broug 
fore by return of high prices an 
prospect of a distinct rubber 
within the next few years, du 
quate planting of new rubber tr 
Far East and to steadily inerea 
mand for erude rubber, coup! 
certain restrictive legislation 
effect by Great Britain. The f; 
plant trees as rapidly as world d 
would make advisable and the en 
of the restrictions upon crud 
exports came about from low 
which crude rubber brought a shor 
ago. So large a proportion of the 
rubber is produced under British « 
that it became a simple matter t 
late export so as to adjust supp! 
demand in a fashion to increas 
Little fault is found with those pro 
ers of British rubber who had th 
sight and courage to proceed to devel 
plantations, while others showed 
terest in such enterprises, but a 
deal of criticism has been leveled 
British government for officially 

a hand in the creation of a monop 
crude raw materials. Many believ: 
the shortages which are imminent 
the prospect of several years ot 
prices can not fail to stimulate new 


terest in the production of erude rubber 


from hydrocarbons derived from st 
from coal tar or from hydrocarbons p1 
duced as by-products of the petr leur 
industry. 

The technical difficulties have 
mentioned. <A further considerat 
the economic phase of the question 
Department of Commerce in its ¢! 
rubber investigations reached the « 
sion that the plantation rubber indust) 
ean live and prosper on present ) 
of rubber per tree when rubber sells 
thirty cents. The manufacturer o! 
thetic rubber therefore must not 0! 
able to achieve uniform productio: 
produce material with most of the 
acteristics of rubber, but he must « 
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more than thirty cents a pound. 

t be borne in mind also that while 
search laboratory is busy on the 

m, the rubber tree offers the acri- 

st a great opportunity. There 

e ways of bringing the tree into 
inetion in a shorter time after it is 

set out than is at present the case. It 
seems almost certain that trees can be 
developed which will resist disease to a 
ereater extent and perhaps yield more 


rubber per tree. Surely, if the agricul- 


turist ean accomplish in this field what 
he has done in the ease of the sugar beet, 
wheat, corn, the nut-bearing trees and in 
many other directions, the chemist has a 
very large handicap with which to con- 


tend. 

On the other hand, we know that rub- 
ber is now used in many places for which 
it is not the ideal material and where the 
service to be performed does not eall for 
all the peeuliar characteristics of rubber 
A synthetic product may be developed 
whieh will serve in an entirely satisfac- 
tory way this large and diverse demand, 
leaving to erude rubber an ever-growing 
field where utilization appears to be lim- 
ited only by price 

In view of the difficulties, the pros- 
pects, and all the conditions, is it worth 
while to continue the search for synthetic 
rubber? Unquestionably it is. The ex- 
tent to which rubber has entered into 
our everyday life is in itself a sufficient 
reason for conducting research looking to 
the synthesis of so essential a material, 
and this is particularly true in America, 
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where we consume more than 70 per 


f the world’s production of crude 
Even tl 
synthetie rubber may not be produced in 
the near future 
with crude rubber, there are 


cent. oO 
rubber and produce none. ough 


at a price to compete 


times when 
price is a minor consideration and ere 
is also the prospect ot further discoveri 
that will lower 
product. The ability 
thetic rubber 
tions on demand would constitute a great 


COSTS and 


Improve the 
to produce syn 


of satisfactory qualifiea- 
defense against higher and higher prices 
at 
ot 


ir 
and give a devree ot 
be 


the research. 


inde pend nee t] 


would worth more than the cost 


The prospect ot svnthetie rubbe r sat 
and commercial 


price YTOWS brighter day by day 


isfactory in quality in 
because 
of the gradual increase in our knowl dar . 
re 
he 
tie 


As the scientists develop new tacts 


garding erude rubber, more will 


learned on the production ot synthe 
the 


rubber. As our knowl der ol 


usc 


high temperatures and high pressures 


increases, aS we gain more information 
coneerning catalysts, and how they per 
form their functions, and as the oreanie 


chemists establish a longer and ever 
longer list of relationships between atoms 
and molecules, and as the physical chem 
ist becomes better acquainted with the 
structure of the molecule and the atom, 
we may expect wholly new developments 
in the field of synthesis and unexpected 
things will be accomplished in the syn 


thesis of rubber. 





HOW OLD IS THE EARTH? 


By Dr. JOHN H. BRADLEY 


STATE UNIVERSITY 


EMERSON once said that ‘‘everything 
in nature is engaged in writing its own 
history.’’ As long ago as one hundred 
and fifty years, a handful of men in sev- 
eral European countries, before Emer- 
son had made his declaration, came to 
the conclusion that the earth had written 
its own history. These men set out to 
unravel the tangled skein of the earth’s 
story and in so doing founded the science 
of geology. Geologists are the historians 
of the earth, and it is as a geologist that 
I wish to write. As a geologist, however, 
I am not going to tell you how old the 
earth is, because I do not know. I am 
not going to say what the consensus of 
expert opinion concerning the age of the 
earth is, because there is no consensus of 
expert opinion. I am merely going to 
attempt to show why the student of earth 
history is best fitted to tackle the prob- 
lem of the age of the earth, as well as 
how he has attacked it and something of 
the general results he has obtained. 

Opinions concerning the age of the 
earth may be divided into two great 
groups, the one derived from a consider- 
ation of the account in Genesis or other 
documentary evidence, and the other 
derived from a conscientious attempt to 
make the earth give up its own story. 
I shall not speak about any of the docu- 
mentary accounts, other than to say that 
any belief, no matter how gained, which 
ascribes but a paltry five or six thousand 
years as the age of the earth, is em- 
phatically denied by the only person who 
has any right to pose as an authority on 
this subject. That person is old Mother 
Earth herself, perhaps the only member 
of her sex who persistently and insist- 


ently proclaims to those who can under- 
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stand her that she is very old 
old, indeed, that to attempt to 
her age in years is as absurd as 
tempt to measure the volume ot 
the Pacifie Ocean with a teacup. 
so old that man, whose own li 
short, has the greatest difficulty 
agining the vast ages which hav 
since her birth. We ean only wit 
culty conceive of the time w! 
passed since the giant sequola tre 
California were seedlings, and 
few thousand years through whic 
oldest of living things have endur 
but a moment in geological tim 
have added seareely a wrinkl 
already deeply furrowed face ot 
The discovery of the tomb of Tut 
Amen has recently fired the public 1 
with the glories of antiquity, an 
when viewed in the perspective 
past history of the earth or even 1 
man, who has probably existed 
least fifty thousand years, King 1 
comes a modern monarch, and t 
thousand years which separate him 
us fade into insignificance. 
Despite the calm and apparent! 
movable expression on the earth's 
changes of great importance hav 
place in that expression since thi 
ning of the earth’s existence as a 
rate entity in the solar system. 
and I could return to our favorite 
in the mountains or on the s 
after a sojourn of five thousand 
elsewhere, we should probably 
very little change. To be sur 
favorite trout lake might hav 
filled with sediment and convert: 
a cow pasture, or drained by a 
during our absence, because lak 





HOW OLD IS 


rly evanescent phenomena and 
ved without exception. We might 
it the stream which once flowed 
e ocean a half mile from our sea- 
ingalow now flowed into the ocean 
We 

even find, had 
wen situated on a low, wide beach, that 
ts site now functioned as a portion of 
the sea bottom, half a mile from shore. 
Neve rtheless, we should detect very lit- 
tle change in the larger features of the 
andseape. The mountains, although 
they had been attacked by rain, frost, 
snow and other agencies which gnaw at 
and tend in time to destroy rocky emi- 
would not appear 
The general configuration of the 
little 


e very site of the bungalow. 
if the bungalow 


nences, noticeably 
lower. 
eoast would very likely be but 
changed. 

If, instead of five thousand, we should 
return after a million years, we might 
be startled by the changes we should see. 
Our mountains might be worn down to 
pitiful stumps or even to a flat plain 
with nothing to indicate their former 
erandeur. The sea might have advanced 
upon the land so that vast regions now 
dry would be covered by marine waters 
teeming with creatures quite different 
from those which inhabit the seas to-day. 
The life of the lands might 
strangely exotic appearance and 
our own descendants might appear so 
vastly different from ourselves that we 
could not recognize them ! 
have occurred again and again in the 
past; why should we not expect them to 
do so in the future? 

For many years poets have sung of the 
“everlasting hills,’’ of the permanency 
of their physical environment. With the 
progress of geological science, it has be- 
come clear that nothing is more certain 
than that the hills are not everlasting, 
that some day the highest mountain peak 
will erumble and fall away, perhaps to 
rise again at a later date. Whole moun- 
tain ranges are known to have been built 


have a 
even 


Such changes 


rh ’ 
| 4 
4 
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and removed within but a small fraction 
time. <As it is with the 
mountains, so it is with 


features of the face of the earth. 


of geological 
other 
Noth 


know it 


many 
ing endures; the earthly as we 
to-day was very different yesterday and 
will be very different to-morrow. 

This conception of perpetual change 
in nature took form at an early date in 
the human The first 
world in flux 


mind, ideas of a 


were not based 
fact 
firm and 
The nat 


ural instinets of man work to obliterat: 


eonstant 
upon carefully observed and 
not destined to take a 


hold upon the minds of men. 


were 


lasting 


the belief in the impermanency ol 


things, because of fear of the unknown 
and the 


brings. 


uncertainty which change 


It was thus that the doctrine of 
and animals, al 
though conceived at an early date, lan 
guished until the middle of the last 
when it fell like a thunderbolt 
the of Charles Darwin 
the reason of thinking men 
that the ebb 
strated so clearly for the races of plants 
and 


evolution in plants 


eentury 


from pen upon 
Now it is 
flow, demon 


known and 


animals, is true of their physical 
environment as well. 

One poet of the 
life and the 
truth-seeking eye 
the liberty of 
stanzas. 


nineteenth 
world 


century 
through the 


of science, and I take 


Saw 


quoting a few of his 
The poet was Tennyson, and 


the lines are from ‘‘In Memoriam :”’ 


There rolls the deep where grew the tree 
O earth what changes hast thou seen! 
There where the long street roars, hath been 
The stillness of the central sea. 

The hills are shadows, and they flow 

From form to form and nothing stands; 

They melt like mists, the solid lands, 

Like clouds they shape themselves and go. 


Last summer I stood upon a high peak 
in the Montana Rockies and dug from 
the rocks upon its crest a large quantity 
The them- 
selves were clearly the consolidated sedi- 


of fossil sea shells. rocks 


ments of an ancient sea floor. which at 
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one time occupied a great trough out of 
which the Rocky Mountains at a much 
later date raised their lofty heads. We 
might well join with Tennyson in sing- 
ing *‘O earth what changes hast thou 
seen.’’ The elevation of the Rocky 
Mountain district is only one of the 
many changes which have taken place 
It is the busi- 
ness of the science of geology to detect 
these changes and to estimate the time 
nature has taken to effect them. Let us 
see how these estimates are made. 

I have said that I can not state the 
exact age of the earth. One of the rea- 
sons for this is that the early stages of 
the earth’s history are shrouded in mys- 
tery. There believe 
that the earth had a bi-parental origin 
just as youand I. The earth is the child 
of the sun, its mother, and of a visiting 
star, its father, which, approaching close 
to the mother sun, forcibly extracted the 
earth, as well as its sisters and brothers, 
the other planets, by the tidal pull 
which all celestial bodies exert upon 
each other when they approach within a 
certain radius. After a long evolution, 
how long nobody knows, the earth grew 
by gathering in the star dust which it 
encountered in its path around the sun, 
gradually attracted an atmosphere, and 
rapidly cooling, finally acquired stand- 


during geological history. 


is good reason to 


ing water in the depressions on its sur- 
Not until the acquisition of an 
atmosphere and an ocean did the earth 


face. 


begin to record its age. 

It has long been known that the oceans 
were among the earliest permanent 
features to develop on the earth’s sur- 
face. It is also known that in the begin- 
ning the oceans were fresh and that the 
salt which we now find in all sea water 
was largely brought from the land by 
rivers. For a long time geologists have 
been interested in estimating the age of 
the ocean on the basis of the rate at 
which salt is supplied to the sea by riv- 
ers.. As early as 1715, Edmund Halley 
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suggested the possibility of ase 
the age of the oceans in this wa 
until 1899 had sufficient 
lated to make such an estimate ; 
In that year, Joly, the British p' 
using the figures at hand for th 
amount of salt in river water 
estimated amount of salt in the 
simply dividing the second by t 
calculated that the oceans wer 
million, six hundred tl! 
years old. Other estimates hav 
made, but all give nearly one hu 
million years as the age of the se: 
estimate of this type must forever 
a very general nature, because 
ean ever know the rate by which 1 
of the past have added salt to t 
Since the estimates just cited ar 
on the present yearly amount o 


data 


seven 


carried into the sea and sinee t! 
good reason to believe that this rat 
much higher now than during m 
the past, the oceans would appear t 
at least one hundred million year 
and probably much older. 

In addition to salt, rivers carry 
quantities of rock material worn 
the land and finally deposited in the s 
The Nile dumps over fifty millior 
of rock débris upon its delta ever 
Yet the removal of this tremendous t 
nage of waste from the land does 
affect the general appearance of thi 
unless continued for a very long 
We may dwell throughout our li 
the bank of a river, and yet see 
parent widening of the valley. 
however, do widen their valleys, 

a tremendously low rate compared 
the brief span of a human lifetime 
St. Louis the bluffs of the Mississ 
River stand about twenty miles 
At one time the Mississippi was a } 
river and its valley walls were clos 
gether. At some future time, if 
tions remain the same as they are t 
the bluffs flanking the Mississippi v 
appreciably farther apart. Wit! 
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ot only widen their valleys, but 

great tracts of land to essential 

: At the present rate of river 
wear. the widening of the Mississippi 
at St. Louis must have taken at 
one million years. The reduction 
of the entire area drained by the Mis- 
pi to flatness would require much 


SISSILV Vs 


longer, perhaps tens of millions of years. 


Var) 


Now, there is good evidence in the rocks 
that rivers of the past have repeatedly 
worn great areas nearly to flatness, so 
that the age of the earth based upon the 
present rate of river erosion would be 


near one hundred million years. 

In the course of earth history great 
deposits of rock waste have been heaped 
up in shallow marine basins which have 
again and again formed upon the sur- 
face of what is now the dry land of the 
continents. These deposits in time were 
consolidated, uplifted and preserved as 
rock. More than sixty-five miles of these 
so-called sedimentary rocks have been 
formed in the course of earth evolution. 
It has been estimated that at least one 
hundred million years were consumed in 
the accumulation of this vast pile of 
rock waste. 

When the geologist turns his eye to 
the mountains, he finds abundant evi- 
dence to prove that mountains are built 
very slowly. Most convincing, perhaps, 
are certain rivers, which hold their 
courses athwart a region of uplift, and 
eut into the mountains as fast as they 
Such a stream was the Columbia. 
This river was unfortunate enough to be 
flowing over a region destined to be ele- 
vated into the Cascade mountains. As 
the mountains rose the river eut down 
into them and suffered little or no devia- 
tion from its original course. To-day 
it ean be seen flowing placidly through 
the heart of the Cascades, over the course 
it had followed before the mountains 
existed. We know that rivers cut into 
their channels very slowly, so we infer 


rise. 
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that mountains cut by such 
streams as the Columbia must have 
equally slowly. Yet 


the earth lofty mountains have been re 


persistent 
risen 


in the history ol 


peatedly lifted and worn to flatness, leav- 
ing nothing but their stumps and great 
piles of rock débris to commemorate 
their former eminence. While the time 
involved can not be determined in years, 
it must that 
the human fully 


grasp its significance. 


have been great: so great 


imagination can not 

Most people know that many of the 
plants and animals of the past ar 
the 


These fossils give us a picture of 


pre 
served as fossils in rocks of the 
earth. 
the changing appearance of living things 
during the long eras of geological time. 
How fast did these changes take place 

We know that the plants and animals 
different 
earliest 
fitteen 


thousand years may pass without effect 


noticeably 
deseribed in the 
Five, ten or 


of to-day are not 
from those 
human documents. 
ing any appreciable change in the gen 
eral the life Yet 
changes of a striking order have taken 
the 
earth, and 


aspect of world’s 


vigantic dino 
the 


and 


Before 
ruled the 
various 


place. man, 


saur before 


dinosaur races of fishes 
lowly marine creatures vied with each 
Whole dy has 


the 


other for world dominion. 
to dominate 


ties of creatures rose 
seas and lands of the past, only to fall 
into the oblivion of extinction, and to be 
succeeded by other dynasties. The very 
oldest 
that a long ancestry, entirely unrevealed 
must have gone before. All these facts 
prove that the earth is very old, so old 
that the brief flash of a year or a 
tury loses all meaning. 

In conclusion let me cite very briefly 


fossil plants and animals show 


ceen- 


certain experiments which indicate even 
an older earth than any of the evidence 
mentioned thus far. A few elements in 
nature are 
constantly breaking down into different 


known to be unstable and 
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things. For example, uranium passes 
into radium, and ultimately, after many 
successive stages, gives rise to helium (a 
gas) and lead, which are stable products. 
The rate of this transformation ean not 
be altered and is accurately known by 
experiment. 

The age of a given rock or mineral 
can be estimated by measuring the 


amounts of uranium and helium econ- 
tained. Since the length of time re- 
quired to generate the helium, one of the 
end products of the decay of uranium, 


is known, sufficient data can be had to 
estimate the age of the specimen in hand. 
Thus a piece of rock from Ceylon was 
found to be two hundred and eighty 
million years old ; other rocks were found 
to be five hundred million years old; 
while still other rocks were estimated to 


be as much as ten billion 

Other methods of studying r; 
minerals and rocks lead to vy: 
sults, but in general the estimat 
age of the earth based upon th 


‘*radioactive clock’’ are from ti 


times higher than those bas 
7 


strictly veological evidence. 
crepancy is partly due to the 


the geological methods can not 


the breaks or missing intervals s 


lent in the earth’s history, and 1 


edly give rise to underestimatio! 


ing generous deduction for th 
overestimation of the new and a 


perfected radioactive clock, we 


elude, and still consider our eo) 


a conservative one, that the ea 


least from three to five billion Vi 





THE TRASH-CARRYING HABIT OF CERTAIN 
LACE WING LARVAE 


By Professor ROGER C. SMITH 


KANSAS STATI 


\monG the striking habits of insects, 
the trash-earrying habit of the larvae of 


eertain species ot Chrysopidae deserve 


especial mention. The little load of 
débris earried by these larvae suggests 
to the observer the shield of tribal war- 
riors or a type of modern camouflage as 
carried out in the late war and by certain 
hunters of game. 

The Chrysopids contain some species 
The adults 
known as “‘golden eyes’’ or “‘ green lace 
The larvae are often referred 


which are plentiful. are 
wings. ”” 
to as ‘‘aphis lions’’ because of their gen- 
eral use of plant lice or aphids for food. 
The species in which the larvae pile trash 
on their backs are all 
They oceur perhaps most commonly in 


Ssearee or rare. 
the eitrus 
been taken on trees, shrubs and under- 
brush in New York, Virginia and Kan- 
sas, but they are not commonly seen even 


groves. Other species have 


by collectors. 

The Chrysopids as a family group pos- 
sess some habits and devices for protec- 
tion and defense which compare favor- 
ably with the most unique among insects. 
Among those best known, the following 
may be listed: The stalked eggs, the long, 
sharp jaws of the larvae, the long setae 
on the back of the larvae, the cocoon con- 
taining the pupa, the repellant glands of 
the adult and the protective coloration 
of all stages are all characteristics and 
properties which make for the preserva- 
tion of the individual. There is another 
device which is predominantly protective 
and perhaps less well known, viz., the 
trash-earrying habit of the larvae of cer- 
tain species. It is indeed the most 
unique performance of these interesting 
creatures, 


AGRICT 
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The 


those 


true trash-carrying larvae are 


the inverted 


saucer 


their 


carrying 


shaped packets of débris upon 


backs in all three ol the larval stages. 
The following foreign species have been 
reported as being true trash-carriers: 
Chrysopa ventralis Curtis, C 


MeLach. and C. 


known species having this 


rile roph va 
Burm Th 


in the 


prasina 
habit 
United States are Chrysopa lineaticornis 
Fitch, C. cockerelli Banks, C. 
Guer.. C. bimaculata MeClendon. C. bi 


carnead Banks. Allow hruysa part ula Banks 


late ralis 


and Leucochrysa floridana Banks 

The packet of trash in these species 18 
most ingeniously made. The materials, 
which are usually the same or very simi 
lar in the different 
ciently interwoven and tied together to 


species, are suffi 
form a shapely hemispherical mass. It 
is laboriously constructed by the larva 
and repeatedly added to or ré paired SO 
The 


sur 


that there are rarely trailing ends. 
larva 
roundings to form these packets, the reby 
The} 


consist chiefly of insect molts, dead in- 


utilizes the materials of its 


increasing any protective value 
sects, entire or only parts, fibers of both 
plant and animal origin, bits of bark, 
lichens, spiders’ webs and other similar 
materials. 

The larva either places small bits of 
these materials upon its back with the 
jaws, or it crawls under them and shifts 
them in place by body movements as 
sisted by the jaws. The larva can bend 
its head posteriorly almost horizontally 


when the front legs are lifted. As pieces 


that F 


he longed in 


2It has been reomo 


chrysa 


found recently 
MecLach 
Reared larvae refused to take food 


punctinerves also 


this group. 
until they had piled some trash on their backs. 
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are put in place, loose ends are gathered 
up by the jaws and tucked into the mass 
in such a way that it is considerably in- 
terwoven and compact. The materials 
are added only to the anterior portion of 
the packet. They are later pushed and 
shifted posteriorly so that when the larva 
is resting the entire abdomen and the 
greater part of the head and thorax are 
covered by this packet. 

These larvae are well fitted morpho- 
logically to construct and carry these 


packets (Fig. 1). 


Lateral view of a grown larva of 
Chrysopa cockerelli Banks—a rare species of 
Kansas and Colorado—with packet removed to 
show the long thoracie tubercles with setae 
arranged fan-shaped, the short abdominal 
tubercles, the recurved dorsal abdominal setae 
and the shortened and humped abdomen, 

The abdomen is much shorter and 
broader than in the non-trash-earrying 
larvae. The thorax or leg-bearing por- 
tion of the body is nearly normal for the 
family except that the stalks of the pro- 
thoracic and mesothoracie lateral ‘tuber- 
cles are exceedingly long and each bears 
a group of upturned setae which extend 
outward like a fan. These setae support 
the anterior portion of the packet and 
allow for complete freedom of movement 
on the part of the thorax in locomotion. 
The lateral tubercles on the abdomen are 
quite small and bear short but stout 
setae. On the dorsum of the abdomen 
there are on each segment, from the first 
to the seventh, inclusive, one to three 
rows of minute or microscopical setae 
(perhaps the Angelhaare of Dewitz,* 
1885), with recurved tips. Each, there- 
fore, is a small hook which anchors this 

3 Dewitz, H., Biol. Centbl., 1885, 4: 722-723. 


mass firmly to the back of th 
The short, stout setae from thx 
tubercles also assist materially in 
the materials in place. 

At rest, the larva contracts the 
and abdomen somewhat, thereby 
ing practically all the body beneat 
packet. However, when it walks o 
the head and a small part of the t 
the tips of the first two pairs of leg 
the end of the abdomen protrud 
under the packet. The packet 
rather unsteadily from side to side su 
that photographing living larvae is ) 
difficult. 

These larvae are positively tl} 
tropic, as evidenced by their 
when the packet is removed. They 
around excitedly and frequently 
deavor to crawl under leaves, tras! 
packet materials. Furthermore, 
are often found resting in crevices 01 
regularities of bark or under loose p 
of bark where their bodies are in 
contact with the substratum. 

Many writers have stated that Cli 
sopid larvae place the skins of thei: 
tims on their backs. While the impres 
sion has been frequently given that 
Chrysopid larvae have this habit, sor 
writers unquestionably observed thx 
trash-carrying habit. It is not possib 
to ascertain from the published accounts 
in every case whether writers observed 
the true trash-earriers, or whether the) 
referred to larvae with merely a 
aphid skins on their backs or sic 


Nearly all the larvae have long setae or 


YY 


stout bristles on their sides and dorsu 
which may accidentally pick up suc! 
terials. The true trash-carriers, 
ever, are only those larvae which « 
the packets of débris upon their |! 
There is no authentic published 
of a Hemerobiid larva, or a ‘‘ brow: 
wing’’ larva, as now understood, | 
a trash-earrier. The known lar\ 
this family do not have the proper 
and morphological features which 
this habit possible. 





tion 
they 
skin 
back 
forn 
and 

mall 
are 

certi 
sects 
a fe) 
Tl 
rath 
tivit 


poin 
mak 
smal 
milli 
gree) 
read 
even 
hand 
diffic 
mig] 
cotto 
Thes 
sear 


as Or 


LACK WING 


earrying of a few aphid molts or 

m the setae of the body is perhaps 
eginning of the evolution of this 
The skins are not necessarily 

1 on the setae by the larvae, but 
eatech on them as the larvae walk 
Further, the sometimes 

reh among these skins for food, or at- 


larvae 

a 
tempt to conceal themselves by crawling 
under them. They may adhere on any 
part of the body and are ‘not constant 
in kind, amount or position. Chrysopa 
oculata Say and C. nigrocornis Burm. 
are typical of this group. 

An intermediate condition in the evo- 
lution of trash-earrying is shown by 
Chrysopa quadripunctata Burm. Larvae 
of this species have the general colora- 


tion of our known trash-earriers, and 


they more commonly than others have 


filaments on 
never in 


skins and cottony their 
backs. But the trash is the 
form of small packet of constant form 
These larvae are nor- 
They 
are often taken among woolly aphids, 
certain woolly leaf hoppers and other in- 
sects with woolly coverings, so that even 
a few skins obscure them effectively. 

The question at once arises: Is this 
rather elaborate construction and the ac- 
tivities incidental to it a real protection, 
or merely theoretically so? From the 
point of view of man, they sometimes 
make the larvae more conspicuous. <A 
small piece of débris from two to eight 


and appearance. 
mally found on trees and shrubs. 


millimeters in diameter moving across 
green leaves or on tree trunks is not only 
readily seen but excites the curiosity of 
On the other 
hand, among woolly aphids they are 
diffeult to distinguish. At rest they 
might be mistaken for loose masses of 


even a casual observer. 


cottony materials or even bird droppings. 
These larvae, for the most part, live and 
search for their food in exposed places, 
as on leaves and tree trunks. Parasitism 
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LARVAE 

is low among them. The only parasites 
reared by the writer from trash-carriers 
from the citrus 
groves of Florida. 
that they are sometimes highly 
tized in California. No 
obtained from the northern species Cc 
cockerelli and C. 
(1898 ) 4 pointed out that Chrysopa sep 


were larvae sent from 
It has been reported 
parasl 
parasites were 
lineaticornis. Lurie 
tempunctata is often parasitized, but in 
the trash-carriers, C. prasina and C. ven- 
tralis, parasitism is seldom found. So 
this habit apparently offers an appreci 
able para- 
sites, but certain hymenopterous para 


degree of protection from 


sites, especially those whose larvae are 
leaf-crawling planidia, do attack them 
They have not been reported as being 
eaten by birds, and the writer has not 
observed it, but it would be no surprise 
to find that titmice, creepers, nuthatches 
and birds with similar habits picked up a 
number of both larvae and pupae as they 
search for food on tree trunks. 

The bodies of trash-carrying larvae are 
delicate than the 
They appear semi-translucent at times 
The 


packet serves as some protection from 


more naked larvae. 


and the epidermis is less chitinized 


mechanical injury and from drying out 
as suggested by Lurie (1898). At least 
cockerelli and C 
tralis, over-winter as larvae under or on 
the bark of trees. 
haps give some protection against the 


two species, eC. ven 


These coverings per 


rigors of winter. 

In the main, it therefore appears that 
the trash-carrying habit affords a definite 
degree of protection of one kind or an- 
other, as is usually stated, though there 
is little quantitative data supporting it. 
It is of especial interest to the naturalist, 
however, because it is, in present-day ter 
minology, a familiar kind of camouflage. 
“The Biol 
Leach.’’ 
from lab. of Zool 


‘Lurie, M. G., | Russian title]. 
ogy Life 
Univ. Warsaw. 
Dept., 1898, pp. 83-132. 


H istory 
St udies 


and of Chrysopa 





PLANTATION RUBBER: ITS SOURCE AND 
ACQUISITION 


By Professor FRANCIS E. LLOYD 


McGILL UNIVERSITY 


THE vast necessity for caoutchoue and Burma, Malaya and Java, and ult 
the disturbing fact that there exists a French Indo-China, Borneo and 
‘wicked monopoly’’ of the cultivated the Philippine Islands. Plantatio 
supply without the control of the United ber now hails from all these cow 
States of America, where by far the by far the greater bulk (about & 
greatest bulk of raw rubber is consumed cent.) being from Malaya and N 
in manufacture, have aroused much in- lands India, in the ratio of two 
terest in the tree that supplies this ma- The oldest trees under cultivation 
terial and in the methods by which it is Far East are therefore to be fow 
acquired. It is the purpose of this ar- Heneratgoda in Ceylon, and becaus: 
ticle to present briefly this information.~ their historical interest two of thes: 

Of the many, many trees, shrubs and here reproduced (Figs. 1, 2). On 
herbs which produce rubber (as caout- the points to which the earliest distri! 
choue has come to be ealled) only one tion was made from Ceylon was t! 
has afforded a paying and satisfactory tanical Garden at Singapore, wher 
culture up to the present, namely, the writer photographed some of th« 
Amazonian ‘‘seringueira,’’ Hevea Bra- nal trees as they appeared in 1919 (Fig 
ziliensis. Other Amazonian species con- 3). From this illustration we ma 
tribute to the supply of wild rubber, a that there is nothing very striking al 
quality somewhat inferior to that of the tree regarded in the large. Mat 
Braziliensis being afforded by Bentham- _ trees in the forests of Brazil are no » 
iana, and still more inferior by others. remarkable. Young trees grown 
Of these and several other tropical rub- open soon acquire a well-shaped, rou: 
ber trees, namely, ‘‘castilloa’’ (Castilla canopy of leaves (Fig. 4). They 
spp.), ‘‘ceara’’ (Manihot spp.), and rapid growth, have a smooth | 
‘‘rambong’’ (Ficus elastica), which have though a race with a decidedly 
been tried in cultivation, only Hevea bark is known—and branch rather 
Braziliensis has persisted. This will and widely. The wood is brash and | 
therefore be referred to shortly as_ tree is therefore easily damaged b) 
Hevea. Tropical regions subject to strong w 

Fifty years after the birth of the rub- therefore, are not suitable for // 
ber industry, seeds were obtained in however much so otherwise. \W 
1876 by Sir Henry Wickham from the grown on plantations, where it oc 
Amazon region. The history of this ad- immense plantings of uniform s 
venture is not pertinent here, but it may produces an orchard-like effect | 
be noted in passing that, had it not been treme monotony (Figs. 5, 6) 
for it, tires would cost now still more Commonplace as is the app 
than they do. The seeds were sent to of the tree, the leaves and flowers 
Kew Gardens, and from there seedlings characters which, to the eye accus' 
were sent to Ceylon, which was the dis- to the verdure of temperate regio! 
tribnting point for further propagating have something distinctive. The 
material. This reached India and _ are three-parted and of a gloss) 
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HEVEA 
EYLON, 


LOLES OF ORIGINAI 


ADENIA, ¢ 


rH 

Pi 
leaf- 

When 


ce 
Fig. 


with delicately tapering 


rreen, 
ets and characteristic venation. 


young their pendulous position 


11) and pale color speak of tropical he- 


The flowers are individually in- 
the 
widely 


havior. 
onsiderable, but, on the other hand, 
large and 
(Fig. 7 Of all the poOssi- 
lities for the production of seeds as 


nfloreseences are 


spreading 


measured by the number of flowers, but 
few are realized. The difficulties of pro 
lucing hand-pollinated seeds for the pur- 
pose of selection and improvement are 
great. When pollination and fer 
zation are successful, the fruits pro- 
Each 
fruit is a three (sometimes four or five 
obed woody affair clothed with a green 
rind many 


Ty 
til 


il 


lueed are rather conspicuous. 


8) and having 


chambers as lobes. 


Fig. as 
In each chamber is 
a When 
maturity the green rind dries and peels 
off (Fig. 9), and the woody portion in 


produced seed. approaching 


IN 


PLANTED 


IS76: PHOTO 1919 


REES 


drying eracks into twice as many pireces 


there 


are chambers, setting free 
Fig. 10 
together with the husks 
the fruit 
of the castor oil plant, which are very 
to those of the related Hevea, 
will enable him to the 
The 
seen on the castor 
It 
arrangement 
Fig 


acteristic of 


as 
which drop to the 
If the 


seed 


the seeds 
cround, 
reader has observed and 
similar 
they visualize 


latter. irregular brown markings 
oil seed are seen here 
to that 
of 
are sufficiently char 


mt 


also. is note the 


interesting 


and character these 


10 


individual tree so tl 


markings 
tr¢ 
the parent tree can be identified merely 
of the 
point of no small importance practically 


by careful inspection seed— a 


in the work of selection 
iS 


ike : he 


and they can 


The seeds contain much oil—l 
tor oil seeds also in this 
not be dried 
probably goes on at a rapid rate, and 
to of 


and live Respiration 


they are subject attacks fung 
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Fie. 3. THE ORIGINAL PLANTING OF RUBBER TREES DERIVED FROM CEYLON IN THE Bora? 
GARDEN AT SINGAPORE; PHOTO 1919. Fig. 4. A YoUNG HEVEA GROWN ON THE SOENGEI B 
ESTATE, SUMATRA. 
They have, therefore, no great tenure A practice which has of late years 
of life. Normally they germinate at introduced and one which is bow 
once; if prevented, they soon lose their have an important effect on the 
vitality. It was this fact that made the that of budding. Buds of high vie! 
acquisition of living material from Bra- trees are grafted near the base of 
zil difficult. Of 70,000 seeds obtained lings of good stock grown in nurseri 
and sent to Kew, but a few (2,700) After the bud starts, the stem of the s 
germinated, and the seedlings then had ling stock is eut off some distance 
to be transported in toy greenhouses to the bud. When the bud is well st 
Ceylon. Fortunately (from the Brazil- the transplanting into the field is 
ian point of view unfortunately!) the Later, when the new plant shows s 
trees develop very rapidly and ina very of vigor, the superfluous piece of 
few years can produce a new crop of stock stem is removed by a slantir 
seed. near the growing bud. During the done 
Once germinated, the seedling devel- ess of healing the wound is ove! quali 
ops its first pair of leaves (Fig. 11) and and eventually the joint practically d 
then rapidly grows upward into a slen- appears, though some distortion 
der sapling (Figs. 12, 13). In starting witness to the process for som¢ 
plantations, the seeds are set out at once, Many problems of great theoretic 
or seedlings are grown in nurseries and practical interest attach to this | 
then transplanted with various handling. Grafting in general has had to d 


rns 
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Fic. 5. TREES WHICH HAVE RECENTLY ARRIVED 


AT THI 


RUBBER 


Me Ate ln td 


‘TAPPABLE’’ 


EIGHT YEAR OLD TREES, SUMATRA 


the production of improved varieties of 


fruits, and these are easily examined for 
It has been found, however, 
that the seions taken **good’’ 
parent not equally good, and 
this bud variation has been the cause 
of disappointment. The rubber tree 
acts similarly, but it is more 
diffieult to test its good qualities—this 
can be done only after sufficient growth 


qualities. 
from a 
are 


much 


by a period of tapping, a process subject 
to much error. However, it has been 
done with promising These 
qualities are resident in the bark of the 
tree and the effect of grafting, with the 
necessary articulation of the bark of the 
stock with that of the scion, is problem- 
atical and only time will yield what it is 
Wished to know. 


+ 


results. 


Arrived at the age of about five 
the tree has become ‘‘tappable.’”’ 
ping is an operation requiring 
understood, some knowledge of the strue 
ture of the 


widespread idea that it is like the 


bark. There is a rather 
tap 
ping of a maple to get the sap, whereas 
it is entirely different. The 


maple is derived from the outermost lay 


sap OL a 


ers of wood into which a boring is made 
and a spout adjusted to lead the drip 
The product 
latex, is de 


ping sap into a receptacle. 
of the rubber tree, called 
rived from the ‘‘bark’’ or cortex, bey ond 
be obtained It 


useless but 


which no latex can 
would not 
harmful to eut deeper than the inner 
The rationale of 


tapping method will emerge from an 


only be even 


most layer of cortex. 
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Fic. 7. BRANCH OF HEVEA, SHOWING THE FLOWERS. Fic. 8. Ripe FRUIT. Fa. 
READY TO BURST. Fic. 10. PORTIONS OF THE HUSK AFTER SPLITTING APART AND SEI 
rWO DIFFERENT PARENT TREES. 





understanding of the structure of the _ is obviously traversed by radiating 
cortex, and particularly of the mode of of cells, the medullary rays, which 1 
occurrence of the latex. In an ordinary’ contain rubber (see also Fig. 12, 
tree stem, the wood and the cortex are Elsewhere the latex vessels may be rv 
separated by the cambium, a layer of nized because of their rather 1 


embryonie tissue which, by its own pecu- disposition in eylindrieal ranks 


liar method of growth, gives rise on the transverse section appearing as ci! 
inside to the wood, on the outside to rows. Each vessel communicates 
cortex. The cambium, therefore, gives anastomosis with a ‘neighboring 
rise to all the various structures of the (Fig. 15) so that the whole number 
cortex, including of course those contain- vessels form a network intereommu: 
ing the latex, which are tubular and _ ing chiefly tangentially, but som 
arise by the end-to-end fusion of short even radially. The number of rar 
cells (Figs. 15, 19). latex vessels is a matter of great int 
The total thickness of the cortex in since the amount of latex yielded 
trees upwards of ten years of age is_ relate to the number of them 
about 8 mm. Examining a transverse’ things being equal. Other things 
section (Fig. 14) it may be noted that ever, are not equal, so that the 
the outer zone is broken up by masses of correlation between yield a1 
of stone tissue, similar to the hard frag- number of ranks of latex vessels 
ments ene notices in the flesh of a pear about one half the possible. F‘ 
when eaten. These normally develop reason the method of estimatin 
late and have the effect of making the yielding power of a tree by co 
bark hard and gritty. Moreover, their the ranks of vessels dees not wo1 
development breaks up the continuity of It may further be observed t! 
the latex tubes, which may be seen in ranks of vessels are generally el 
regular ranks in the inner zone. This’ gether the nearer to the cambiu 
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GERMINATED SEEDLING. Fic. 12. A YOUNG SAPI 
ABOUT ONE YEAR OLD. 


FULLY 


The 


problem of tapping is to cut open these 


often they come very close to it. 


vessels transversely so as to let the latex 
ooze out and at the same time to catch 
it and lead it to an appointed receptacle. 
This is done by cutting a groove in the 
bark in such a manner that all the ves 
sels will be cut across so that the latex 
will ooze into the groove, thus forming 
a channel down which the latex will run 
to a vertical groove, thence down a spout 
The eollect- 
ing groove is placed at an angle with 


into a cup suitably affixed. 


the horizontal great enough to permit 
the latex to flow downward readily with- 
out overflowing (Fig. 21). The cutting 
is done with a suitable gouge. 

The length and number of grooves and 
the frequency of cutting are all a mat- 
ter of decision based upon conviction or 
economic strategy. The conviction may 
be arrived at by scientific investigation, 
which has culminated in finding that a 
eut half round the tree every day for a 
period (two to eight weeks), followed by 
an equal period of rest, is sometimes the 


most Strategy, on the 
other hand, dictate 
methods, as happened during the rubber 
method of 


advantageous. 


may devastating 


when etting all 


boom, any 


justified 


the rubber possible was held 


They even climbed into and tapped the 


lower branches—‘monkey tapping’’ it 


was called. Periods of market depression 


have an opposite effect. Looked at his 
torically, the various methods of tapping 
afford an interesting chapter in the de 
velopment of method. The original Bra 
zilian seringueiro carried a small hatchet 
with which he made cuts in more or less 
haphazard fashion, fastening small tin 
cups so as to catch the flow Recently 


there have been improve 
ment by adopting more systematic cut 
the 


The seringueiro’s method 


attempts at 


ting, following the lead of eastern 
plantations. 
was at first employed as plantation prac 
tice in Ceylon, but soon gave way to a 
more careful grooving. As a 
the original method, the boles of long 
tapped trees on the Amazon present a 


result of 


very pathological condition, due to the 
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irregular growths taking place . 

the ‘ealing process. The modern n 

of carefully grooving the bark, av: 

the cambium, but going as deeply 

sible otherwise, and doing this ever 
that a smooth surface of young co 
left, permits rapid and smooth he 
After allowing a sufficient period fo: 

to be accomplished, the renewed ba: 
as smooth and healthy as the old 
21). This method permits the p: 

of tapping to be repeated again 
again at intervals of about four year 
which is oceupied in traversing the bar 
from the original tapping cut to the end 
of the available bark, thus bringing t| 


tapper back to the starting point 
that is required to effect this is to 
out the available tapping surface int 


areas beginning at a certain height 
the tree and tapping downwards 





civen rate, 2.e., a shaving about one tv 
tieth of an inch in thickness remov: 
each tapping—one and one half t 
inches a month being the allowance. 1 
thickness of the shaving must be suffici: 


to open anew the latex tubes, at t! 





ends of which the latex coagulates, 
the effect of plugging them. The ope: 
tion must be done with no wounding 
that is, without cutting throug! 
cambium into the wood (Fig. 22 

The routine of tapping is as follows 
The coolie gets out into the keboen . 
before the break of day. As soon 
is light enough (daylight comes 
apace in the tropics) he begins to 
eutting the fresh shaving and pla 
the cup in position by means of s 
contrivance like a rotang (rattan) s! 


(Fig. 23) or a wire cincture (Fig : 
upfu 


stick 


cleaning out the grooves and tin s| 
of ‘‘serap’’ rubber so that the latex 
flow properly. This he (or she) co! 
ues till the stunt, so far as tappin | 
concerned, is complete. The coolie t t th 
goes the round of the trees a second ‘ burnt 
with a milk can into which the lat smoky 
poured. This is now earried to a whieh 
Fig. 14. <A THIN SECTION OF THE BARK tral point, where the latex is p: : supp 
MAGNIFIED. through a sieve to remove dirt. 


1 den 
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Fig. 15. TANGENTIAL SECTION OF THE BARK MORE HIGHLY 


S ANASTOMOSING AND PASSING AROUND THE 


MI 


DULLARY RAYS. 


MILARLY MAGNIFIED. HERE CAN BE SEEN A MEDULLARY RAY DEVOID ¢ 


{4S PAIRS OF VESSELS APPEARING DARK. FG. 
VESSELS ARE SEEN THROUGH A THIN LAYER OF 
ON OF THREE LATEX VESSELS STILL MO! 


17. 


MI 


NGITUDINAL SECTION, HERE THE INDIVIDUAI 


rINGUISHED BY 


ethod of handling the latex so as to 
rocure marketable rubber which has 
ad long vogue is to peur it into tanks, 
etic acid being added and wooden par- 
tions being placed vertically at inter- 
ils so as to facilitate the removal of the 
agulated rubber in slabs. These, on 
the following day, are passed through 
mills to press out the serum and to work 
them up into ‘‘plantation crepe’’ or 
sheets, which can then be hung to dry or 
smoked, making ‘‘smoked sheet,’’ an 
ittempt to duplicate the original ‘‘up 
river fine’’ Para, which is prepared by 
the seringueiro by coagulating the latex 
cupful by eupful, simply dripping it on a 
ball (pella) accumulated on a_ heavy 
stick or paddle, holding it meanwhile in 
i dense smoke of fire in which the nuts 


) 


the Attalea palm (preferably) are 


burnt. This process makes a_ black, 
smoky smelling rubber, the qualities of 
whieh, diffieult to duplicate, have been 
supposed to depend wholl* on the 


rut 


RADIAL SECTIO 

DULLARY RAY Is 
HIGHLY MAGNIFI 
CELLS FORMING 

CONSTRICTIONS 

method of coagulation, contrary 

fact. 

A new method and one which pron 

to be of increasing importance in the 
dustry is that of spraying, carried on 
under patents obtained by Mr. Ernest 
Hopkinson, of the United States Rubber 
Company. It is not generally known 
that the first experiment leading to the 
working out of the method in its per 
fected state was done in the winter of 
1918-19 at the instance of Mr. Hopkin 
son, with latex obtained in the New York 
Botanical Garden by the writer, and 
sprayed in a crude piece of apparatus 
designed for the trial. The perfected 
process consists in discharging the latex 
from a rotating horizontal dise at the 
top of a tower into which hot air is 
passed. The breaking up of the latex 
into minute droplets permits the rapid 
evaporation of the water, and the dried 
particles flocculate and fall to the floor 
of the tower like buff-colored snow 
flakes, whence the product is removed 





THE SCIENTIFIC MONTHLY 








Fig. 20. COOLIES TAPPING AND COLLECTING LATEX FROM TREES WHICH HAVE JUS' 

THE TAPPABLE AGE. FG. 21. BOLE OF TREE WHICH HAS BEEN TAPPED ALL AROUND A)? 

rAPPED FOR THE SECOND TIME. THIS TREE EXHIBITS NORMAL, CLEAN RECOVERY 
TAPPING. 


BEING 


and compressed into suitable packages. and forms a clot which seals the 
It is to be noted that this method results In the older regions of the bark 
in the formation of a coagulum eontain- lates, especially where the latex 
ing all the original solids of the latex, have been breken up by the gr 
whereas the usual plantations product stone cells. One of the conditions 
lacks whatever remains in the serum, dental to the diseased condition 
and this is not a little. as Brown Bast is the collection of 
A word about the latex itself. This of rubber in chinks in the bark 
is a rather dense, usually white, milky acteristic of Hevea latex is th 
fluid as it exudes from the tree, contain- rence of rubber droplets which a: 
ing about 30 per cent. rubber. When shaped (Fig. 25). These are th 
viewed microscopically it is seen to be of the droplets, and the shape ! 
composed of a colorless watery phase in that they are not pure rubber, but 
which are suspended myriads of minute’ ture. The pear shape appears 
droplets (emulsoids) of rubber about one from the adhesion of two droplets 
micron in diameter, intermingled with ferent sizes which are not miscibl: 


many more water-containing suspensoids prevented from fusing by the i 


of other substances, chiefly proteins ence of a third substance (a 
(Fig. 25). It is therefore a complex tive’’ colloid), which procures 
emulsion of probably more than fifteen tion of low surface tension whic! 
kinds of substances, in considerable de- izes the couple. It is uncertain 
gree resembling milk, if we substitute these pear-shaped droplets 
rubber for butter fat. In the living tis- merely stages in the combining of 
sues of the tree where it occurs thisemul- droplets. A similar, if not alt 
sion is normally stable, just as the blood analogous condition is to be see1 
in our veins is. If a wound is received, large droplets, containing rubbe: 
however, the oozing latex soon coagulates latex of thé banana. 
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Fig. 22. A TREE WHICH 
ARGE AMOUNT OF YOUNG 
ING THI 


HAS BEEN IMPROPERLY 
CONSISTING OF 
YIELD OF THE TRE! 


TISSU! 


Coagulation consists in bringing the 
aoutchoue droplets into contact so that 
this substanee will now be a continuous 

es ase (Fig. 26). To do this the protec- 

tive action of the lyophile proteins must 
and this be 
lished by means of acids, alkalies having 

The 


high viscosity of the rubber is an effee- 


overcome, can accom- 


the opposite effect of stabilizing. 


natural 
into a 


in obstructing the 


malgamation of this substance 


tive faetor 


ntinuous mass, so that milling is im- 
erative to accomplish. this rapidly, if 
agulation has proceeded in a tank. 
no Aft 


sed 


er spraying, pressure alone may be 
Of course, when the raw rubber 
s used in manufacture it has again to 
e milled, but this matter goes bevond 
the present purpose. 


BY CI 


RUBBER 


rAPPED 
WOODY EXCRESCENC! 
rTiING 


AND IN 
MARKS 0} 


The yield, that is, the amount of dry 


rubber per tree is, as may well be imag 


ined, a matter of great moment to those 
who have money invested in plantations 
of rubber trees, since the cost of produe 
tion is related inversely to this yield. By 
way of indicating the possibilities of dif 
ferent trees in this regard | may mention 
the performance of two out of a thou 


sand carefully measured trees, compris 
ing an observation plot on the estates of 
the U. S. Rubber 
Sumatra (Fig. 24 
these two trees produced 14.5 and 911 
As 


the acre 


Company, Kisaran 


In a given month 


rubber, respectively 
to 
the vield from a population of such poor 


grams of dry 
suming one hundred trees 
trees would be about thirty-five pounds, 
from the better two thousand two hun 
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Fic. 24. THE ACTUAL COLLECTIONS OF RUBBER FROM TWO TREES SHOWING THE GREAT 

IN YIELDING CAPACITY. Fic. 25. LATEX DILUTED AND VERY HIGHLY MAGNIFIED. | 

SHAPED AND ANNULAR FORMS ARE RUBBER DROPLETS; THE MORE SOLID SMALLER PAI 

PROBABLY PROTEINS. Fic. 26. COAGULATED RUBBER HIGHLY MAGNIFIED. THE BRI 
ARE PROTEIN SUSPENSOIDS. 


dred pounds! An average population 
produces three hundred pounds (or less) 
to six hundred pounds, according to the 
circumstances of the soil, rainfall, ete., 
but a flat average of four hundred 
pounds would be considered very good. 
In view of the individual differences it 
soon became apparent that selection was 
indicated. As above said, the production 
of seed is of such a manner that it is 
extremely difficult to obtain seed pol- 
linated by a known male parent, though 
this has been accomplished in a meager 
way. Pending this achievement and the 
proving of the results thereby to be ob- 
tained, grafting methods have been em- 
ployed, using for scions the material de- 
rived from individual trees having high 
records of actual performance in the 
matter of vield (Fig. 23) and as good 
stocks as possible. 

For the purpose of selection it is im- 
perative to judge by yield alone (Fig. 
23), as it has been found that there is 
no character, not even that of the num- 
ber of rows of latex vessels as above 


noted, which has a close enough correla- 


tion with yield to permit it to 
as a certain guide. It is of no | 
terest that the most persistent and 1 
ous use of scientific methods fer t] 
pose, as also for the purpose o! 
standing the rationale of the best 
tice in tapping, soil management 
other problems of growing rub! 
been the work chiefly of the | 
States Rubber Company, althoug 
British and Dutch Experiment 51 


in the Far East had contributed a g 


deal to this end. With regard 
alone it is not improbable that eig 
dred to one thousand two 
pounds of rubber per acre w 
duced as a result of selection 
are well on our way to this g 
achievement of science well wort! 
ing upon. 


Note: The illustrations acco! 
this article were taken—wit 
exceptions—on the U. S. Ru! 
plantations, near Kisaran, Sun 
coast, all except figures 7—!, 


and 23 from negatives by th: 
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THE PROGRESS OF SCIENCE 


By Dr. 


Dire ctor of Science 


Service 


Epwin E. SLosson 


. Washinat 


PLANT GEOMETRY 


Aut plants and animals are con- 
structed out of little building blocks of 
a very similar sort. Each block is a 


cell, which, when fresh and living, con- 
sists of a tiny drop of jellied sap or 
Cut 
a thin slice of any vegetable or animal 


juice enclosed in a thin-walled sae. 


matter, put it under a microscope and 


vou can see the individual cells. When 
free and separate they are round. 
When compressed together in a mass 
they form various flat-sided figures, 


1. “stly of four, five or six sides. 
questions. Why 
What shape 


his suggests two 
we the free cells round? 
are the massed cells? 

The answer to both questions is the 
same. The cells in both cases take the 
shape that will comprise the most sub- 
stance in the smallest space. It is an 
instance of Nature’s economy ; an effort 
to make the cell-wall stuff go as far as 
possible. 

It is easy to see why cells are spherical 
whenever they can be. They take that 
shape for the same reason as a bubble or 
You do 
not have.to mold a soap bubble or a 
rubber ballon. You just blow it up and 
it takes the shape that will hold the gas 
or hot air with the least stretching of 
the enclosing film. Put a lot of irreg- 
ular fragments of marble into a barrel, 
attach the barrel to°a water wheel so 
it will be kept rolling. By and by you 
will find that all the pieces of rock, how- 
ever angular and knobby they may have 
been on the start, have been ground into 
the same form, a sphere. By rubbing 


balloon, a pebble or a marble. 


against one ancther all their angles and 
prominences have been knocked off, and 
when you knock off all the corners and 


projections from anything you have a 


sphere. The pebbles and sand grains on 
a seashore have been ground down by 
friction into the same shape, which is 
the form that includes the largest 


amount of material with the smallest 
surface. 

But when you mass the cells you get 
a different 
one in fact that has been a puzzle for 
than a 


For when vou pack together a lot of 


and more difficult problem, 


more hundred and fifty years 
spheres, say shot or oranges in a box, 
you find that they do not fit together but 
leave waste space in between them 
Each sphere, except those on the outside 
layer, is in touch with twelve others 
You can see this by putting a pea on 
the table top. You will find that it takes 
six others to form a ring around it. On 
top of the three 


others, and of more could 


group you can set 
course three 
find place beiow it. If then you should 
compress a bunch of spheres the twelve 
points of contact would become flat 
faces, and when all the empty space was 


squeezed out the interior spheres would 


all become twelve-sided figures. Buffon 
the great French naturalist of the 
eighteenth century, tried this exper! 


ment by packing dry peas in a Jar and 
then soaking them with water till they 


swelled tight together. Experiments 


with masses of bubbles confirmed this 
twelve-sided shape as an economical 
form. Of the twelve faces six are tri 
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DR. GASTON RAMON, 
OF THE PASTEUR INSTITUTE, PARIS, KNOWN FOR HIS WORK ON DIPHTHERIA ANTITOXIN 
SAID NOW TO HAVE DISCOVERED A SERUM PROVIDING IMMUNITY FROM TETANUS, AND HIS 
IN THE DISCOVERY, Dr. CHRISTIAN ZOELLER, OF THE MinLiTary HOSPITAL oF VAI 
IS SHOWN STANDING. 























The 
its comb. 
English 
century, 


ng ind six are hexagons. 
ne e uses this form for 
Ryt Lord Kelvin, the great 
vsicist of the nineteenth 
nd that space eould be filled com- 
actly and with 
vical form by a more stable figure 







less sacrifice of the 





having fourteen sides instead of twelve. 
And now Dr. F. T. Lewis, of the Har- 
ird Medical School, after many years 
f study, finds that vegetable and animal 
lls generally tend to take this fourteen- 
He has mapped and mea- 







sided figure. 
sured with the microscope consecutive 






sections of various tissues, such as elder 
nith and human fat, and then con- 
strueted large wax models of the cells 
that would account for the observed 
They are very irregular and 








contacts. 
lifer in the number of their flat faces 
heeause they get distorted by the pres- 











‘“‘CoME into my office and see my bee- 
hive,’’ said Professor Hover, of Ypsi- 
lanti Normal. 

‘‘What do you have a beehive in your 
office for?’’ I asked. 

‘So I ean tell what the bees are doing 
all day long.’”’ 

I protested: ‘‘Your bees are not ac- 
quainted with me. They may not like 
first sight. Sometimes 










bees 





me at 
don’t.’’ 

But he went on into the office and I 
cautiously followed. Then I saw it was 
for the had provided 
with a private side entrance like those 
in apartment houses marked ‘‘ For Ser- 
vants and Tradesmen.’’ In the window 
little hole leading to the hive 
which was ingeniously balanced on a 
scale so that its weight was automati- 
cally recorded. The temperature, baro- 
metric pressure and percentage of sun- 
simultaneously. 








safe, bees been 










Was a 








recorded 
All these records were copied by the 


shine were 






students in comparative graphs on a 
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sure of their selfish neighbors, but ean 


be best regarded as all derived from this 


fundamental fourteen-sided form 
I say ‘‘fourteen-sided form’’ because 
[ hate to use the proper geometrical 


term for it, the tetrakaidecahedron 
But the figure itself is not so ungainly 
find if 


one out of soap or mold it cut of putty 


will vou cut 


as its name as you 


Eight of its faces are hexagons and six 


are squares. There are thirty-six edges 


where two faces intersect and twenty 


four corners where three faces intersect 


Such figures fit together as prettily as : 
Chinese puzzle, each in touch with four 


{ 


teen neighbors. It is werth while get 
ting acquainted with it since it is the 
pattern approached by the twelve thou 
sand million that 


skin, as well as incalculable myriads in 


constitute your 


cells 


side of it. 






big chart covering one side of the class 
follow the 
ments of the bees and the changes of the 


room, so they eould move 


weather from day to day and from 
month to month. And they had marked 
on the chart at points where the curve 
made a sudden jump such explanatory 
words as ‘‘white clover’’ or ‘‘alfalfa,’’ 
indicating the date of a spring opening 
or midsummer bargain day. This ex 


periment, you understand, 


was a ‘‘rural 
one of those new 
fangled that 
made education so much harder than 


For 


nature st udy course,’ 


schemes have 


‘project ‘ig 


? 


was when I went to school. now 


they use books less and brains more 


They study the thing they are studying, 
instead of merely reading about it 
as we used to in the good old day s 

But it look 
at this chart than to read any book on 


“Life of 


Was more interesting to 
the subject, even Maeterlinek’s ‘ 
play ‘* The 


Dunsany’s 
ov r the 


the Bee,.’”’ or 
Flight of the 
Was a continuous census and balance of 


(ueen eurve 
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trade. We could count the bees by the 
pound as they entered and left, and 
measure their exports and imports. 

On a sunny morning there is a drop 
in the weight of the hive of about two 
pounds between eight and eight-thirty. 
This means that some ten thousand bees 
have sallied forth on their first foraging 
expedition. A quarter or a third of the 
inhabitants of the hive have left for 
their distant field of labor. Soon they 
begin to return with their booty and the 
weight gradually gains five or six 
pounds during the day. 

But in the middle of the afternoon 
when the sun shines there is a sudden 
slight fall in the curve. This is due to 
the daily frolic of the debutantes. The 
young bees, some two thousand of them, 
go out for a trial flight. At first they 
keep close so as not to lose their way. 
heading in and hovering only a foot or 
two away from the door of the hive. 
After a half an hour of open air exer- 
cise they return to their domestie duties. 

Another series of daily drops in the 
spring is of more sinister significance, 
for there is no recovery in this curve. 
It is due to the death of the old bees. 
The first warm days tempt them out, 
but they have not strength to make the 
trip so they die in the path of duty, 
five or six hundred a day. 


At sunset the bees return and the hive 
is at its heaviest, for during the night 
it loses continuously due to the evapora- 
tion of the water from the nectar. This 
contains about seventy per cent. mois- 
ture as the bees bring it in, and this 
percentage has to be reduced to about 
fifteen for honey. So the bees fan the 
surplus water away with their wings, 
sometimes getting rid of two pounds of 
it in the course of the night by their 
very vigorous and efficient ventilating 
system. 

One of the notches noticed on the 
chart remains a puzzle to me. About 
fifteen minutes before rain breaks the 
bees come homing to the hive. A pound 
and a half of them, over seven thousand 
bees, will pour into the hole in ten 
minutes, looking like a living funnel, a 
eyeclone of insects, the swirling swarm 
getting thicker and narrower as the 
entrance is approached. Now, since this 
home run begins before the first rain- 
drops, how do the bees know it is com- 
ing? Is it the cooling of the air, the 
falling of the pressure or the shutting off 
of sunshine that warns them of the ap- 
proaching storm? Even the professor 
did not profess to know, but he hoped 
he might if he kept on studying his office 
hive. That is one of the advantages of 
this new-fangled method of education, 
even the professors learn something. 


AVIATION AND THE UNIVERSITY 


By Proressor ALEXANDER KLEMIN 


Daniel Guggenheim School of Aeronautics, New York University 


THE pioneers of the early days of avi- 
ation were generally men of an original, 
adventurous type of mind, possessed of 
great native alélity, but riot of a formal 
scientific or engineering edueation. The 
Wright brothers themselves, while well- 
educated men, who conducted their ex- 
periments in a most systematic and scien- 
tific manner, did not owe their success to 


inspiration drawn from the professors 
of a university or a technical school. 
For radical departures from the beaten 
track in engineering a burden of learn- 
ing may sometimes be a handicap. At 
any rate we have in mind the name of a 
famous astronomer, Simon Newcomb, 
who proved that aviation was impossible, 
and the sad case of a young Yale in- 
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structor in physics, Edson F. Gallaudet, 
who was told that his experiments with a 
very likely model of an airplane, con- 
ducted approximately in 1893, might be 
the justifiable cause of his dismissal from 
the faculty. 

But when once the radical departure 
has been made, certain rudimentary 
principles established, the need for ac- 
curate scientific experimentation follows 
immediately. The early pioneers tend to 
drop out of the ranks, and the burden of 
progress is carried on by more rigor- 
ously trained men. ‘This is the case in 
aviation at any rate. 

As the body of information grows 
larger, formal instruction at the univer- 
sities becomes imperative. 

Thus in aviation, or more broadly 
speaking in aeronautics, many universi- 
ties in Europe and three or four in the 
United States are now giving systematic 
courses of instruction in aeronautical 
engineering. 

At the Daniel Guggenheim School of 
Aeronautics at New York University, 
brought into being by the munificent gift 
of $500,000 by Mr. Daniel Guggenheim, 
students who have received a grounding 
in mathematics, mechanies and mechani- 
‘al engineering apply themselves in their 
senior year to the systematic study of 
such subjects as aerodynamics, airplane 
design, structural analysis of aircraft, 
the dynamics of aireraft and related sub- 
jects. It is their privilege to work in the 
wind tunnel where small models placed 
at the throat of a giant Venturi provide 
accurate bases for the prediction of air- 
eraft behavior in the air. The destruc- 
tion tests of wings, wing ribs and other 
structural parts provides the training in 
strength considerations as applied to air- 
craft which means so much to the safety 
of our pilots. From being the child of 
intuition of a few bold spirits, the air- 
plane has become the carefully caleu- 
lated and tested product of one of 
the most scientific and mathematical 


branches of engineering. Progress in 
aerodynamics at least is now most likely 
to come from careful research in the 
wind tunnel, with plenty of scope for 
and university 
students alike. 

There is, however, one aspect in the 
training of aeronautical engineers 
which must not be neglected. And that 
is contact with reality, and in this in- 
stance flight itself. 


teachers postgraduate 


Fortunately aeronautical engineering 
is intimately connected with the problem 
In the rapidly de- 
veloping air service, it is an advantage 

the personne! 
who have had a formal aeronautical en 
For the young aero 
nautical engineer, it is a tremendous ad 


of national defense. 


to have in reserve men 


gineering training. 


vantage to be in contact with the duties 
of the air service officer, to carry out fly 
ing missions, to learn that the airplane 
actually flies and is not merely a mathe 
It would be a sorry 
automobile produced by a man who had 


matical abstraction. 


behind a steering gear, and 
a wretched airplane designed by a man 
who had never felt a ‘‘joy-stick’’ in his 
hands. 

The recent establishment by the War 
Department of an aviation unit at New 


York University serves a double purpose 


never sat 


therefore, and is a matter of congratula- 
tion to university and air service alike. 
In their and 
years students follow the general system 
of instruction in the Officers 
Training Corps. If their merit warrants 


freshman sophomore 


Reserve 


it, and the professor of military science 
approves, students may then enroll in 
the aviation unit. They 
theoretical, but mainly 
struction in airplane motors, airplane 
rigging, gunnery, instruments, meteor 
ology, aerial navigation and tactical ob- 
servation. 
mer session are spent in camp at a regu- 
lar army flying field. Under the super- 
vision of air-service officers, the cadets 


receive some 


practical, in 


Six weeks of the junior sum- 
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MODEL OF AIRPLANE BEING 


WHERE IT IS SUBJECTED TO RAPID CURRENTS OF 
conduct reconnaissance, artillery adjust- 
ment, infantry liaison and various other 
missions as flying observers. At the suc- 
this the 
young men are eligible for commission 
as second lieutenants in the air service 
and can then continue their training as 
flight officers. 


cessful completion of course, 





T 


ESTED IN THE 


AIR AND WEIGHED FOR ITS 


WIND TUNNEL 
LITIES | 


OLA 


The plan is but another instance of the 
useful cooperation which may eXIist he 
the 


ments of our national defense, and a pat 


tween university and the instru. 


ticularly important instance because av} 
ation bids fair to surpass even the other 


arms in utility. 


THE PROFESSOR OF GEOLOGY CITES AN INSTANCE 


By GILBERT 


JAKLEY WARD 


His name, said the professor, call it Schultz. 
He came of what you'd call intelligent stock. 
Father, a preacher (evangelical 

Himself, a keen and conscientious student. 


More curious, I found 


A born field naturalist. 


him that rare bird, 
One day in class 


I passed about the tooth of a dinicthys. 
What does he do but clap it on his notebook 


And trace an outline. 
But not another man 
To think of it. 


’Twas a little thing, 
had wit enough 
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But rocks and fossils offered 
Too small a scope for his inquisitive mind. 
Still driven by his instinct to the field, 
He added to his course, zoology, 
Brought to it all the penetrating eye, 
The hunger for detail, the sense of order 
That marked him of the elect. 


So, for four years 
He studied Genesis engraved in rock, 
Ground over modern texts and living species, 
Exposed himself to all their implications, 
Rubbed against fellows doing real research, 
And breathed the latest biological thought, 
As you might say. 


Well, sir! I told the boys 
To buy a certain book on evolution 
(This happened, mind you, in his senior year! ) 
And Schultz right then and there walked out and quit; 
Declared he took no stock in evolution! 
Exactly so! Laid back his ears and balked 
Just like a mule. 


A few days after this 
We met one morning in a corridor 
And stopped to chat a moment. Apropos, 
He spoke of evolution and observed, 
‘*No modern scientist takes seriously 
The evolution theory.’’ And I 
I was too dumb struck even to ask him how 
He got that way. 


I’d give a deal to know. 
I’ve sometimes wondered if a fear complex 
Buried down deep, a sort of mental sieve 
Woven perhaps of dark sectarian crotchets, 


Screened out unwelcome, non-conforming facts. 


No, sir! I feel it isn’t ignorance 
A college often wrestles with to-day, 
So much as a type of mind. 
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REMINISCENCES 


GEORGE HENRY FOX, A.M., M.D 


Formerly Professor of Dermatology, College of Physicians and 
Surgeons, Columbia University, New York. 


The volume is written in a most pleasing and readable manner, 
and gives not only interesting details of medical study at home 
and abroad, descriptions of widely known teachers, bits of travel, 
amusing stories, etc., but much that is of great historical value. 
It is an ideal book for the physician’s waiting-room table, since 
anyone opening it at any page and reading at random is certain 
to become fascinated by it. 


CONTENTS 
Recollections of My Father. London. 
Recollections of My Youth. Early Practice in New York. 
Choice of a Profession. Medical Societies. 
Early Medical Study. Dispensary and Hospital Service 
University of Pennsylvania. College Appointments. 
Philadelphia Hospital. My Friend Piffard. 
Leipsie and Berlin. Military Notes. 
Bits of Travel. Medico-legal Experiences. 
Vienna. Medical Office Buildings. 
Marriage. A Family Society. 
Paris. Changes in Eighty Years. 


22 Chapters, Numerous Illustrations, Cloth Bound. 


$3.50 Postpaid. 


MEDICAL LIFE PRESS 


Publishers of Books and Periodicals on Medical History 
12 Mount Morris Park West New York, N. Y. 


As a result of arrangements with the author, each of the 
first 200 subscribers will receive an autographed copy 
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“A Homey Hotel for Home Folks” 


The WESTMINSTER 


Opposite Columbia University 
420 WEST 116TH STREET, NEW YORK 


Located on a quiet sunny street, in what is 
considered the finest residential section of 
New York, overlooking Columbia University, 
Morningside Park, Riverside Drive, Central 
Park, Cathedral of St. John the Divine and 
the Hudson River and its Palisades. 

THE WESTMINSTER is delightfully attrac- 
tive both inside and out and offers unusual 
advantages to Home-Lovers desiring a Real 
Home in an Atmosphere of Refinement either 
for a short period or as a permanent residence. 
It is convenient to all means of transportation 
and due to its high elevation all rooms receive 
an abundance of light, air and sunshine. 

Come to THE WESTMINSTER for a little 
while. Weare proud of what we have here, for 
you will find it nowhere else. Whether your 
stay is a day, a month, or a year, we know you 
will be pleased with its Quiet, Homelike and 
Refined Atmosphere, its Comfortable Rooms 
and Moderate Kates. 

Every Room with Connecting or Private Bath 
AMERICAN PLAN EUROPEAN PLAN 
(Including 3 Meals) (Without Meals) 

DAY WEEK DAY WEEK 

Single .$4.00 up—$25.00 up $2.50 up—$15.00 up 

Double. 8.00 up— 45.00 up 3.50 up— 21.00 up 

Parlor, Bedroom, Bath, with meals for 

2 persons, $56 week up 

Parlor, 2 Bedrooms, Bath, with, meals for 
3 persons, $75 week i 

Breakfast 75c.—Luncheon 75c.—Dinner §1.25 


“Comfort without Extrasagenes” 
Booklet iled on req 











Hotel 


Continental 


Center of New York’s Activities 


BROADWAY AND a:st STREET 
Finest location to live when in town 


300 Rooms 300 Baths 
$2.00, $2.50 and $3.00 per day 
Double, $3 to $6 per day 


Rooms of unusual large size 


Between Grand Central and Penn 
Terminals 


Send for Free Map of New York 


HENRY S. DUNCAN, 


Proprietor 



































HOTEL 
FLANDERS 


Just East of Broadway 





133-135 West 47th Street 
134-136 West 48th Street 


A modern high class 15-story hotel 
very close to Times Square and within 
a few minutes to all leading Theaters 
and Shops. 

Room with running water $2 
Rooms with bath $2.50 up 
Special rates for long or short periods 
GEORGE SANBORN, Prop. 








PHILADELPHIA 
CHESTNUT and 39th STREET 


Hotel 
Pennsylvania 


Fireproof 
Unrestricted Parking 
600 Rooms 500 Baths 
Rooms with running water 
from $2.50 per day 
Rooms with private baths and showers 
from $3.50 per day 


Food and Service the Best 


Near West Philadelphia Station, 
Pennsylvania Railroad 
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FIREPROOF 
_. Broadway 
AT 


29th 


Mg Street 
Ji, New York 
(\ 4a 

\ ag One block 
5 from Fifth 
/\ (* Avenue. 
( q Three 
h blocks from 

| Penn. Sta 

bal tion Sub 

yale way con- 
4: nects with 

ae Grand Cen 

tral Ter 

minal. Con 
venient to 
Stores, 

Theatres, 


and all 


steamship 


es- piers 
RATES 
PER DAY 
Single rooms with running water.... $2.00 and $3.00 
Single rooms with bath or shower.... 3.00 and 4.00 
Double rooms with running water. 400 and 5.00 


Double rooms with bath or shower 5.00, 6.00 and 7.00 
Parlor, Bedroom and Bath 10.00 to 12.00 
Booklet and Map of New York Upon Request. 
For Reservations. Wire at Our Expense 

A. MeGOLRICK DAVID F. CULLEN 


PAUL 
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Helmholtz’s Treatise on 


Physiological Optics 


Translated from the 
Third German Edition 


Edited by JAMES P. ©. SOUTHALL, 
Professor of Physics in Columbia University 


Vol. I. The Anatomy and Dioptrics of 


the Eye (xxiii + 482 pages) 


II. The Sensations of Vision (x + 
480 pages) 


Vol. 


Vol. III. The Perceptions of Vision (xii 
+ 750 pages) 

Published by the Optical Society of 
America, 1924-1925. Price $7 per vol- 
ume, $21 for the set. 

Send orders to Professor F. K. Richt- 
myer, Secretary of the Optical Society 
of America, Cornell University, Ithaca, 
N. Y. 


























. > 
Fiala Patent Sleeping Bag 
You can sleep outdoors 

in perfect comfort 

Scientifically Correct 
Made like the fur of an 
animal, it retains body 
heat, but not the mois- 
ture. No dead air spaces 
to * wr foul or soaked, 


as in closely 
gg oe Eo 
**You have the best light- 
weight bag made.’’ °. 
Dr. C. P. Fordyce 
**T Slept Alone—Snug and 
Warm. My two companions 
with two wool blankets suf- 
fered, though huddled to:-: 
gether. This Fiala Sleeping 
Bag is the only one I ever 
liked.’’—Horace Kephart. 


GURLEY’S Transits, Levels, Alidades, Meters 
Regist 


Write 
for 
Folder 
. ed 





and ers 
HENSOLDT’S Microscopes and Binoculars 


Let us furnish estimates on Camp, Touring, 
Expedition Outfits and Guns. 





“A Glass in 
the Pocket is 
Worth Two 
at Home.” 


VEST POCKET 
BINOCULARS 


SX: 






“A moat eu prising 


glass; large fed, 

sharp; in many cases 

almoat equal t : 

large heary gilasses."’ 

—J. M. Murdock WIDE FIELD 
Fine for Geologist, Scientist, Hunters, Ex 
plorers or for family use So light can be 
.carried in vest-pocket easily. A gen- 


$25 


uine 5 power Jena Prism, with case 
Send for them 

Satisfaction guaranteed. 
20 Power Magnifier; adjustable to Mirakel; working 
distance 2 ‘4 ‘’—$2.50 extra. 


Write for Circular 


ANTHONY FIALA 


FIALA OUTFITS, Inc. 


25 Warren St. New York 
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First Real Advance intBarometers—A Big Step Forward! 


PAULIN 
PRECISION ALTIMETER 


One man with a “ Paulin Altimeter” can 
make a reconnaissance survey and place 
his contours accurately, in less time than 
two men could do it in the old way with 
level and rod. 


1. Accurate as a Mercurial Barometer. 

2. Anyone can read the instrument with- 
out mathematical corrections. 

3. Light and Portable. Can be safely 
shipped any distance without losing 
accuracy. 

4. Cost about half of a mercurial Ba- 
rometer. 

5. Used by U. S. Engineers, Oil Com- 
panies, Railroads, Highway Commis- 
sions, etc. 


Write for circular ‘‘A’’ 


‘* Trying to compare the Paulin Altimeters with the old FI AL A OUTFITS, Inc. 


standard aneroids, one seems to be at a loss, because there 
simply cannot be applied any comparison. The Paulin Eastern Representatives 


Altimeter seems, to me, so far superior that no other . 

aneroid can come into consideration, where reliable quick a5 Warren St. New York City 

readings are required.’’ Complete Equipment for Engineers, Ex- 
J. v. D. Gracut (Geologist). plorers, Camping, Touring, etc. 


The New Spencer Film Slide 


Service and Projector 


Presented for Educators by Educators 








A tremendously enthusiastic reception has greeted 
the new Spencer Film Slide Service prepared for edu- 
cators by educators. The library includes many sub- 
jects, all edited and arranged in the order of the cur- 
riculum. 

Pictures follow one dnother on rolls of safe unbreak- 
able film slides. You can’t mix them up—yet pictures 
change instantly, forward or back, by a single turn of 
a knob. And the cost of this new service is only one- 
tenth that of glass slides. 





SPENCER LENS CO., ; ; a 
BUFFALO, N. Y. The new Spencer film slide delineascope is simple, 
. compact and easy to use. You can operate it with one 
Please send me full information hand as you lecture. With a Trans-Lux daylight screen 


about the new Spencer Film Slide 


Service and Delineascope. you don’t even have to darken the room. 


Send the coupon and see how this new Spencer Film 


PMMBO ox saenes tos sccvesesoovastsncees Slide Service will help you in your class-room work. 
RE nob vdecnciee ve ndentestenss saws 
Mt SPENCER LENS CO. 

442 Niagara Street Buffalo, N. Y. 
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Patent Applied Fer 


LAMOTTE 
ROULETTE COMPARATOR 


Developed especially to fill the needs expressed by workers in many different 
fields for a portable set, covering an extended range, which would give the 
greatest possible simplicity, accuracy and speed in making Hydrogen lon 
Determinations. 

The enthusiastic reception it has been accorded in every quarter is satisfying 
evidence that it meets the most exacting requirements in the determination 
of Hydrogen Ion Concentration. 


Invaluable not only to the scientist, teacher and research worker but 
also in maintaining chemical control in many industries such as 


Pulp and Paper Water Purification Flour and Bread 

Sugar Manufacture and Sewage Disposal Meat Packing 
Refining Rubber Canning 

General Chemicals Dyestuffs Yeast 

Power Plants Leather Gelatin 


We have recently issued a new brochure which contains an explanation, in 
simple language, of the meaning of Hydrogen Ion Concentration as well as 
complete descriptions of the various LaMotte Sets and the particular applica 

tion of each. It will be sent you gladly on request. 





LaMotte Chemical Products Company 


422 Light Street Baltimore, Maryland, U.S. A- | 
| 


a en 
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Bausch & Lomb 
COMBINED 
BALOPTICONS 


Sor 
Slides 
Opaque Objects 
and 
Strip Film 
(When used with 
film attachment) 


Model CRM 





APS, charts, photographs, magazine pages, old 

coins, regular glass slides and specially prepared 
strip film may be used in this Combined Balopticon 
for furthering class interest and for supplementing 
text-books. Further information concerning this 
instrument and attachments for projecting films will 
be sent upon request. 


Bausch & Lomb Optical Co. 


633 St. Paul Street, Rochester, ~~ ve 





Model JCRM 


“4 sees ht 


Bausch & Lomb Optical Co., 
633 St. Paul Street, Rochester, N. Y. 


Gentlemen: Kindly send me de- 
scriptive literature on Combined 
Balopticons. Also information re- 
garding film projectors. 
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Plan Your Pleasure 


with the Weather 





Price 


$25.00 


STORMOGUIDE 


RESH breezes for that sailing 
trip or squall-lashed waters—a 
day of golf or rain-swept links? 
Watch the Stormoguide. It will 
tell you 12 to 24 hours in advance, 
Do not depend on ancient proverbs 
or the appearance of the sky, but 
find out from a Stormoguide what 
actually is forecast to occur. 
Tycos Stormoguides are reliable 
barometers, with real weather in- 
formation printed on the dial in- 
stead of the misleading, ‘‘ Rain,’’ 


**Change,’’ and ‘‘Fair,’’ on the 
dials of ordinary barometers, 

They make excellent gifts for any 
occasion. Especially suitable for 
golf clubs and out-of-door people. 
Get one for your home and suit 
your pleasure to the weather. 

Stormoguide illustrated has a 5” 
silvered metal dial, round brass case, 
folding feet, and is compensated for 
temperature and adjustable for alti- 
tude. A very superior instrument 
in every way. Price $25.00. Other 
models from $18.00 to $50.00. 


See them at any good instrument dealer. If he is 
not supplied, write direct to us, enclosing correct 
price, and we will fill the order. Safe delivery 
guaranteed. Stormoguide Booklet sent upon re- 


quest. 


Taylor Instrument Companies 


ROCHESTER, N. Y., U.S. A. 


Canadian Plant 


Tycos Building, Toronto 


Manufacturing Distributors in Great Britain: Short & Mason, Led., London 
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Contents of 
Acme B-Eliminator Kit 


Wiring Diagrams with 
complete instructions 
Baseboard 
1 Acme B-4—Transformer 
2 Acme B-2—30 Henry Chokes 
1 Aeme Condenser Block 
1 Bradleyohm 
1 Raytheon Tube and Socket 
Wire 


Price $39.50 


Photo below of factory-made Acme 

B-Eliminater Type E-1—110 Volts, 

60 cycle—Type E-2—110 Volts, DC 
$20.00 
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Price 
$50.00 





Acme B-Eliminator, assembled from Kit 


You can easily make this © 
Acme B-Eliminator yourself 


The new Acme B-Eliminator Kit contains 
complete instructions and all the parts 


ET one of the new Acme B-Elimi- 
nator Kits—take it home and lay 
out the full size diagrams on the table in 
front of you. It takes only a few minutes 
to fasten the parts to the baseboard and 
connect them up. All the parts are there 
and the baseboard, too, and easily-fol- 
lowed instructions that explain each step. 
It’s as easy as rolling off a log. You fel- 
lows who have tinkered with radio will do 
it in less time than it would take to tell 
about it. 

Then you'll have an Acme B-Elimi- 
nator and save the difference between the 
cost of the Kit and a factory-built Acme 
B-Eliminator. 


Advantages of the 
Acme B-Eliminator 


You get better quality and more dis- 
tance, more volume, and no hum and no 
distortion.. You can be sure of that. Also 
the Acme B-Eliminator maintains its 


ACME 


~ for amplification 





voltage at all times and you get voltages 
up to 180 volts which prevents any chance 
of overloading. It will supply sets using 
up to ro tubes. 


A permanent B-Supply 


When you invest in an Acme B-Elimi- 
nator you get a permanent B-Supply. No 
more running out to get new B Batteries. 
There’s nothing to wear out—the Ray- 
theon Tube used has no filament to burn 
out and will last for thousands of hours— 
the current cost is practically nothing. 


Send coupon for both 
booklet and circular 


Send roc for our booklet, “ Amplifica- 
tion without Distortion,” which will tell 
you some things about improving the 
quality of your radio reception, together 
with special free circular on the B-Elimi- 
nator Kit, or ask us to mail the free cir- 
cular. Check the Coupon. 


ACME APPARATUS COMPANY, 

Dept. BC2, Cambridge, Mass. 
I enclose 10c for copy of your booklet, “ Am- 
plification without Distortion,” and circuiar 
on the B-Eliminator Kit. 
Please send only free circular on B-Elimi- 
nator Kit. 
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CARL ZEISS 
Prism Binoculars 
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WIFTLY moving objects are not requiring constant center- 
quickly spotted with a Zeiss ing upon a moving object, 
wide-angle Prism Binocular. The such as birds in flight and game 
circles in the picture show the on the run, offers certain 
areas of view with different distinct advantages. Moreover, 
glasses, but all having the same Zeiss Field Glasses are dust and 
magnification. The center field moisture proof, a factor of es- 
No. 1 is all you see with a_ pecial appeal to the active out- 
non-prismatie glass. The inner door man. Hence naturalists 
circle No. 2 shows the view with and scientists in all climes con- 
a prism field glass and the outer tinue to specify Zeiss as their 
eirele No. 3 the full field of standard equipment. Write for 
view with a Zeiss wide-angle illustrated catalogue, listing 22 
Prism Binocular. A Zeiss glass, models, from 3 to 18 power. 
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CARL ZEISS, INC. 


153 West 23rd Street 
New York 
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Tested 


Brewers’ Yeast-Harris 


Medicinal 

Brewers’ yeast, Saccharomyces Cerevisiae, freshly 
removed from the fermentation of beer or ale. 
Washed and pressed to remove water-soluble foreign 
matter associated with the yeast during fermentation. 

Dried in a high vacuum, at low temperature and 
finely pulverized. 

Proven for its Vitamine-B value by feeding daily, 
weighed portions to young, growing white rats and 
measuring the effect upon the appetite and the in- 
crease in body weight. 


Conn. Experiment Station, Bul. 240, shows this 
yeast to be superior to bakers’ yeast as a source 
of Vitamin-B. 

Published reports in 1925 have shown this yeast 
to be superior to the bread-raising variety as a 
cure for pellagra. 





Keeps indefinitely, in a dark, 
dry, cool place. 

Yeast is a food; an overdose 
is impossible. 


























Important in Pellagra 

Drs. Goldberg and Tanner, 
U.8.P.H. Service, have pub- 
lished, ‘‘ Public Health Reports, 
Jan., 1925,’’ their results with 
Brewers’ Yeast-Harris in pel- 
lagra cases, in Georgia. 

In describing their curative 
results with 26 cases of pel- 
lagra, they advise %4 oz. to 
1 oz. Brewers’ Yeast-Harris, 
daily, mixed with any part of 
the food, as desired. That is 
about 2 or 3 teaspoonfuls daily. 





Prepared by 


THE HARRIS LABORATORIES 
TUCKAHOE, NEW YORK 

















Laboratory Apparatus and Supplies 








PARIS 
EXPOSITION: 
Eight Awards and Medals 


PAN-AMERICAN 
EXPOSITION: 
Gold Medal 


Our General Laboratory and Museum Supplies Include: 


Scientific Apparatus and Instruments, Chemicals, Anatomical Models, Osteological 


Preparations, Natural History Specimens and Preparations, Wall Charts, Mu- 
seum and Naturalists’ Supplies, Glass Jars, Microscopes and Accessories. 


Museum Cabinets (Yale Style) 





Biological and General Laboratory Supplies 
THE KNY-SCHEERER CORPORATION OF AMERICA 


Dept. of Natural Science, 
G. Lagai, Ph.D. 


—— 7th Ave. 
(Cor. r7th St.) 
New York City 





























